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u«<Hitf&lNil^d to tiMi mmmmmiut «oiip3Mitl«n of thim nmtim, a
•taMWO ox^tiNHiiett of fff^titiNlo io offototf to tMi IMtotf
Mil«o ffiv«l Poittirt^NMItO Mm»o1» nadhnr the aoi^looo ^
«IU«li tills oottTOO of otv^ wtm mdortalMflii to Or. <3^mimi h*
Viflor. of tte toovyift iMititoto of TMawIofy fMrtilo
•«kMil» «!»» aetivolr dirootod and gitidad tha work parforaMd
ia tlULa tliaaiaf and to tlai fiariwaaal of taa atlasta itaaaaiaa
tAiOiatory of taa S* t* ^^tPmkt da Waiioiua a«d Cmtpmav* laa.,
alio ptroridad adirioo tnd mtariala oaad ia tim lakoiatory
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A9PLXCATI01I 0f fSWfWt VtM
OK GOFfOV
tii«t. Had mmm wmmrml^ mim wim to «oiitrilNrt«y in »mm wmlt
mmmgof, to nm loMwlAdi* of 4f«ia« hy dotoiwiaiag f^«t 1mm*
fit«t it Bmf, «9m iMi y^ftliMNi trom thm lUgH fwyimttowi
tMdmil^pMi ift ftppljrisf siiUttr 4^r<Mi to eottott. in thim in^
muam^f it im eo«ii#i»od th»t ovoa s»ffttiv« infovafttiott vlXl
fe» of monmt^mmhlm vsliM if oair tv wtrtm of tbt f»et ttott
tiio qoootloa mmt Im •iMWii»f»4 if tli* fi«14 of hi0i ^mtpmvmtuw
i« to IMI oxi^ios^d tboroii^iijr. Tiio t«o»t » aad iwvo ^^oeifio,
ai» «i« to <Mitox«iao utottlMNf iaiiist«T «•« «tiIi»o iprefit»!ii|f
ttao liigit toapormturo M»tbo4 ia appijpiav aoifar 4ym to oottoa
«itb ao iMMTO i^ioeial afalpiBt tltfia tlia pwiaawa-^loaad
4f#iaf ayataaa tHit it alx^adf taaa at ita 4i«paaal« la tMa
iaataaea» oaly poaitiva iafonantioa ia of vaiua.
Anriag tiMi ^yaiay yiaMa of tiuya aaiii» 4ya»4MWMMKiika
aaititio^a aava aaiataiiMNI ia ^rafawaea to laiatataty rnm^
ditioM( to aatiafy tfaa attova-aaatioaad aaccad ain* fkm
tfyaiaga wmtm ptgfi^mmd ia a Mortoa oaa paaad paaloifa aaaiiiaa.
li
iit
KCMtiti^tf to 9*nat vtiliMtieft «f tiMi #Bti«« iyMitli at tte»
idigh t«iN«iitiiiti MtlMir tliatt osljr i^wvt tiilf tM dy«bfttli« *•
«»• tiM «m0« i^ior to vodifi^itlcni,
riii« i»]Jiir 4^rwit tipwt«fti?» of ttMi raagoo of
Ught^fMHMMMl «ad Vfttfll^faotMMM aviliUlllO to this OlftMy
W9gm Miloctoi f<»r wm is tho prolil«i« fowr mt^^pommA ptttHm^mi
<€ eottos y»ra W9ix9 4y«< vitli «ft«li oolflrf lam nam hBim
MM* ftt m mmmt t«^p4ii«t«y« of liO^ 7« t Mii twi tiwi h»im
wmim at a bi|^ tmigmwmtxapm of 800*^ y«» imdor insffloioatly
ooBtroliod ooaditioaa to prmiU» a teoia for oaapirliMtt*
<A pwilltwiwiry itii^Bt toasMnratof^ ras WMi mMMi to 4otoi*wloa tha
optijRM fiviaitioia of tiMi hla^ taaiNMratwra jdMiaa of tferti <tf#Aac«
All oidMaflittit kldi tfiir i atiirt fubm vavo ^anAaaifcaA Is
taaatiaaai witk tliia ^atavidJuatioB, Tiio memmt tawpaftaara
iwMi vara c<wMfaatodi» iJUMfar a# aaa pi?aotioa1ilO|, in aooosilaatta
mitk ttm pg iaa iaiwA'aa raao—a'aaat Iqp tiMi atta»faatiirar of tiM
<^^ipaio»xo«
TlM vaaal,^ of tiMi tuo tochalt^fMHi WKm ooBiaiyaNi« fair
aaob <^9 Ml tiM fol3,ooiaip fcaaaa t
<X) ^1* teratioa of tlia i^lav oyolo
(9) tlia osdiaiiatiott of tm ^jralat^
13) liglit^-faataaaa
C4) aaa^faatoaaa
C9) tlia raal<iaal atfoatth of tlMi 4f4 yaro.
la Ofatji eaaa. tha hittk laaaiaiaiiiia taoiiniana iMfofdi





m Slfttifltfftttt MNSriftoO of lii^t-^flMHaMMMIp WISll-fMltlMNit OT
fSm •trtagtlt «•« osporioaced*
tM KWit «ttl»9d ttmOhm 'ot tms tlMMUi i» tiN) fiiot
tlMit o«rt9il«lr #iyaftl» •»!» in aft^f «ftM«, l»ttor» d|«lat
t«»ttlt« osn lio ot»t«l«t4 tkmm^h tin* mmi of foii^ toi^oytttisro
filMittiiia at ft thirtr-tlurvo pme emmt mutim An tl«»«
Tlio vi^ rfti^ of iftrifttioa li»ti«» tm
«t tlio liMliri^iiftX ^ifm point* to tlio poiwil^illty tltfit
mtikBwm of thlt^ ^tmam wmf not tit •9pll«i yrofttat»lf Kt •
lUM^ »Wi»i'ihiii'ft> SHoastvo wmmmOk •ffort* oa tiWf pMNt of
Indiiriduftlo tHrwigliont tfcw w^ld l*v« oot»bllftlio< tlMi vftloo
1^ tiMi kigk toa9*««titro iMlMitiit MtfMbittt&ir voiX to vftmmat
IHMMMMMVO VMMlMPfMl 4MI 'wMI iMIirt m^ tiMI f^yftOtuff MimflMltlHNNW
iato tho sai]^t»liility of Oieli of thoir <tyo« to oppl.loatio« «t
« hi0i mi^filiifi a It Ut (MiiMi^i4 tMt MOli ififoraotiott h9
Pit «t tiko 4$mf^ml of tlMi 4|noi«K tain^tST, •o tIMit tlieoo
<Mlko ftro mhlm to oott34 amiil thovoolvoo of tlMi ^mmDomimm and
OtlMi^ iMMrilfStO to INI irOitllffi4 ffOM tlMI VMI of kigtl lOaiNMMItlUPOMi
i"*Vr^ *<J
tim fWBr lt79 MirlMNI ti« i»e«ptioa of solfur dyMi
ilMMi two ljM9lf«4 fr^9iel»Mi» CroiMMmt »»i Bgrnt^mmimTm^
ffiTiatr ^o^l f«ipi to tliolr laRgiiifttioai ai^ Itopoo^ MiltM
MiXfttr aoid aodiiM imlfido togotfeior vitb a^MiMit, blood,
9Mit* ftadi otl»r **«pfftttie MdMitftaMS** to ««wi 119 vitii a
MMMMMlfttl ooimfilg i»ttOir lAliOii tlli»r iMPi<t«e< to »•«•
'ONiliott ISO lAvtl"*. Ybo gnwiBtioa vltli ^lAvol* io oot
IdMNm, but tim viknI, *OM^boit*, «ooo btob to tint miospoa
«cKp«l» *««^i»ofew*» vliMi yofors to iMriooo prodnoto of |iitr<*«>
t&euXor tropleol ploato uliioh voro qmM tost ^frntrng* toa»iBti»
Md •¥•& for pvooortlag fii& aoto* Za yftmn of tbo foro<-
9»igC, it is oaoy to midorotond t^ iaobilltir of oithor
Croiowat or Srotooaioro to firodaoo • ootisfactory
mmtrtptxmi of ^mi mmvt elMnieoli •ogwrlitntiott odt tiMiir omI
|MP04«tt* Qlifortunatoly, tbio stlgna of imeortoioty IM10
i»ISiMNl tbo sulfwr d^ ^towmgiioiit tta bist<»ry* ovoii to tbo
oaNMOot ii^9m
It is onlr fair to «ay» lioaavar, tbat a toed daal of
tbo Myatory baa bmm eloarod aaay aa tmr mm tba vodora attlfor
d^jN^ ia aoaa#raad» Yba aofb atartod oaly taauty yaara aftar
Croiaaaat and arot(maioro*a oxpari»aat idMa. ia IWIt Vidal,
isfsr
mmi9th»r Fr«BelMi«« m&ltm4 ««lfiir mwA mxitmm m^lttm togntlMr
vltli iafr—
d
i>t— of kmmm €hmdm^l «o»»tit«tios, pam
tHiii^ siMrli iat«ni»4lst«« of ksowi aImmOaaI eoiuititiitiaay ^f
•tit«tlo» of tkm miA prodocrt* V^riK has ynogfB—
J
at l^agtli
t«tiim» aitf m99m Vm styiMt^rv, of tlw Iwitdiav imito of
•ttlf^r droo ia iHMPni* Bat tlMi on'iiig—
a
nt of tiMMO imito
itt tlM 4|H0 stimotitiw and tlM oacftot wtmUmw tb»t go to atltao «»
• 0««»l9t0 ttOlOOIll* OirO still HftttOMI llltOll MVO »Ot iMNKi
dotoymlaod with ro^loito Mrioittifie ftooinrftey,
tlio OfitlfO dlffiottlty la tkm aattor otowi froa tlMi
iaot tk»t oolf«ir diya»» at %iaat» ara idxtavaa of prodaata of
tlia orlgiaal aairtaia of tlia raaetioa* Tlia mslfor djFoataff
»
Itaalf « aliiali aoald Imi tlia alilaf aoloriaf imaat la tka mSm^
t«ra« la aatiaaily dlfflaalt to laolata. §m It af^roaaliaa
parity* It btBwma laaa aad laaa aolubla, avaa la %\m allaill
•alflda aeiatloaa awraally aaad to dlaaolva ttm ^^nni.
Tha aolfar dya*a ladlffagaaaa to aliMdoal aaalyaia,
toaaiai » baa aot datraotod froa Ita loaa*ataadiaf wnmnmm^ aa4
papolarlty. ntoafb tlia fall vaaga ^ aolora la aot avallalOa
la tha aalfar 0ym^ aad tlwagh tiMi aolora tiait ara airallabla
prodaaa far trtm lirllllaat atiadaa, tba ahaapnaaa of tte dya
o
mt4 its tgmmxmllf fMkI immtwmm to ilfht, iMi«liiaf » aatf mrmMm
mw aids it • afttur*! clM>i«« f«»r iMMivr «ott#a tftlnries*
iaisstriiil UAstimm^ mwA vwrk «lotliiit* 1^*^ fitmrm, ttm 4y«~
•tuff imduBtrf MM pradiwi acnr* mslfur ti2iMlni tiflia mnf 0thmr
iifm^ Mi4» td this dfty» tliay s^ai ii»ag t^ t«9 tlunM «r
iMBf ^bnM itt MWiMhl:i<MI«
la vMsiit jTMira, •ulfur 4y9m %mw l«»t • •tear* of
tlMir orifliiafil ysiNiliritjr to aowori or iapMnMMly ooimpotitlvo
MptBdyef > BoMrvar. tiMi dwoiOMMittt of a dMiiac tonhalmii
aliiolt voiiidi ii^prova tipoa tlMi offioiaaay oi praaant aotluNto
•OHM do matsh to bolator tlMi atatua i^ aiait !•# aaaaatiaily*
• goad dsra iNaiidioi^Kpad aitti sioor axhaiiatioa »aaia»tiaa#
Tkia acMtt ia^ortaat laaaat da^aloianat ia tlit fiaid of
^paiat taatilaa, tba iiigb taayaiataia taalBii4aa» aaald affar
aaat yiawiaa for thia a3a«i of 4^poa. it liaa aliaady !lad to
aiffBBi auaaaaa ia ay^lyiat eolora to tiia "iiard»to-dya" myn^
tliatiaa* aad it staatir apaada tba dyaiat of aool (IK tlia
a^la oeiaaoa of dspaii^r i« iMiaad al»oat aolalr oa aapiriaal
Inaaladia. tf all tlia baaafita to iw galaad froa tlia aaa of
tl» liii^ taa»aiatara taotei^ii aia to ka vaaliaad, thaa tlia
iaad of tM aapiriaal kaoaladga of djraiat vast ba aalaiiiad to
iaeli^hi tba trarioua affaata of liigb taapamtaraa oa all
dfaa aad fibara ia tbair aaaal aoii*iaatioaa» tbia aofli ia
iataadad to wvmlf aoaa of tbat iaforaatifm for tba i^lfar
dtymm aad tba aottoa aoiAiaatioa*
Sigb taaparaturaa vorb to adiaataga ia aaay dsraiaff
oparatiaaa tbroai^ varioaa aaabaaiaaa, all staaaiag froa tba

tiMMWil rnmrfBT UwrMMi of tiM fili«r«4y«^tli mpt^tm, Vor
til* fi1b«r« tilt adNlltionAl Mftt aids la •«*lUii« tbm mmm^
ttmm ••rTlaf to wmtMww* thm «ft«3ro«<«ol«e«lmr iat«]nitie#««
Tliis^ of eonrfWy yroviilMi •••i«r •«tX7 for tii» df« ael^ailA^
or Aii^f«iftt*t ^>k^^ ^^ lttt#rior of tto filitr.
JMi for tlM ^rMi» v^rf f«« Ar^ kmmm to f<» into
#MvSjtt« •olutioii at roan taaparatixra la tM aaaal dyalMitli
aaaaaatratloaa, laataad* tbay taa4 to f<mi affragataa af
aayvliara ap t^ aaa taaMvaai ttalaaalaai^ ai^paaalaK i^fMai tlta
aatara of tiia i^rtlaalar <lyaataff aadar aaaftltf^ratloa* f^ia
varfca to ao advaa^ga la tba ^r«lae oparatlaa* Thm 4^
»olacrala«» tiMNMMlvaa, ara aMraetarlatiaalljr larga la
atraatarat ^taa amporaaalUaf tlia lataratlata «f tha flbar la
•laa* OoaMaa anetaiatloaa of tfaaaa aaaalva wolaaalaa caa»
itttf oftaa dOy aiwaad tlHi alaa of ttia lataratleoa* ^9o4 dyalag
atanat tm rtallaad If tlia dira partlalaa ara too larga to
Ottf lata tba latarlor of tlia flbar*
SaaavaTii it la aXao kaoaui tbat aa laaraaaa la tlsa
taayaratara <»r aa aatvaaa dlXatloa 9i tba aolatlcm aiil bat
to braak daaa tbaaa asgragataa. Slaaa a imvf dllata aolatlaa
diaaa aot aarva aa a good aoi^laf dyabatb, tba oaly inraatlabl
aay to raaaaa tba di^yraa of aggrt^iatlaa of tba ^tf9 la ta
talaa tba taaparatura of tba batb. 8aaa dfwi mill dlaiNiraa
aatlafaetorll^ at« or baloa» tba bolllag taapatatara* Otbara
will aot, Voat dl^;iaraloaa eaa ba laprotad bjr ralalag tba

6aifli tmmmfmtwm also tmsfemtmmt tbm «igv«torr s^tiirit^
tffttloQ of tkB fUmr toy tlvt dye* It also »neotnfg— tMit^n*
l«v«iUac 0t ttm 4mptmtfd «oi<»r, A 4fm, fey its om
4ifisitto9» mmt m^f9 a e]iftv»tft«ristl« •ffl»tty for its filwr.
It 4»riv«« its Affiaity fitMi bydit>faa boadlag «r i««i<taal
valoaaas. l^raly <Ip a dy* and a flfear ao«M»a olNnacaily
ia tiMi iBian —«aa of tfeo «of4. oadar aovaal eoaaitioaa^
MHMiriborlatt tiait tboy no ra r loiNi tfeoir toailMMn^ to acxvaaata.
tfea 4ya s^^irtioSmi o^toa aoaaataiata oo aalaotod araaa of tha
gaa4a at ^mi ag»aaaa of »ora iiglitiy Sa4aa araaa* uotfar
feldMNr fayyaiatitroa» thla taadaaey naroiy to asgragata oa tfea
fifear ia eoimtaraotait by t3ia lUgliar Itiaatie asai^ gaaaratad
fey tfea feaat* Tfea dya partialiaa iHiieli voold 1m in avaaaa i«
aay oaa araa raoaiva aoffioiaat votiiro forao to Kicvata to a
aava aparaaly Ia4aa araa afeara tlia aypartoalty f«r paraaoast
feaaMtiait vil^ tfea fifear ia anafe graatar* IImi aaa raaait is
feattar lavaliias of ths ooior«
Tfes fo^Sstt at feasi aaa to datomiaa lAiatfear tfeaaa
feigfe lanpafatura mriaeiplsa eas fea applisd profitafely to tlia
dyaiag of eottoa sitit aulftsr ityos. To fes profitafelo, thm
opsfstios ssst sairs oltfesr tiaa or aatorlal,
Saniai3.y9 SQifor i^pss do sot iHndhssst ssli* "nai sottos
praforaatialXy absorfes oaly tsanty to ttiirty par c^nt of thm
%sstsff froii tka feath* For aooaoaiy^a aalsa, tba oaa featfe
asart^ fea sssd for ssvsrai maSy vitfe pariodic raplJKaiMaMNit
KS/SSfr
9A tiMi mtsnmvmx%6, 4f9 laeiWMmt. This mmrn^t hm •ostiavNI
imili9tXuitmlf^ i^Mmgkm tint 4fm 4&9m *§• ob •l»Bdia«« sad
«iil l«M warn of its eolorlmg strvagftli mi • mommgmmm*
tif»ly fr«tai Ofl«» tt tM iKK^iistiQtt of t^ <lyinMit& eould b«
iaorM»»d» th^n, Ut«r«ll]r» I«mi Mitsrt*! ssd «mi^ «mil4 go
Xvmi ttOf« i«|K»rt«at tlMia tbt aiKriiir <>f ttitcrUil, ftlMS
tMUNir 43F9S •!*• c«l»tiv»l]r ttliMt^t t* tin* «liri»f af tiMI.
TiM», i« ft sirofit «ad lotM «tftt«»i«t nf afifttioa^ btcoiB
tfft«iliit«4 into tsnHi of l«tM»r mwA •ff«otivo MpiofMmt of
fiiipwiftt, Boti^ ittwi mvm mmtmrnlr tmmm ^^Mi wost «iQMHMiiv«
in w^t •nfrprimmt* If t!|y«« hig^ tftwpiyture ^yi99 rwm
eool4 bo «OH|»loto4i i« tlit tiao thftt it wxewmllf tmimm to 4lo
t«o iiomil fnp»wiititr» twmt tlMi« ia offi«tt tl* inrodaotioa
mptmttf of ttm plast mmM %• iaeipoftao^l awtoMtioally 1^




All savlafa aro to ao airail» iboaairay, if tlia liigbi
'feaMMwatai'a avadteat la aot aa oood aa tlia aenpaal taasavatiffipa
ftadaat. 1%a iMMtt ihmi '<*^ aoapariaoa ara faataaaa to Xii^t
mmA mMUMB, mmA yaaidual atraaath of thm ymru* Wmm ttHwUI
•affar 4MMtea f^oa tha hUfimr t<nq»ayatura« CHr« at laaat> aa
^Mftga aliaaiA to ao aataaaiva aa to offaat aay laaafita ^
bo gaiaad.

tiM»oi«tl<Mil ocmjaetiur* oa this Mitt«r« TlMugli i« at* 3jMir»-
isf f»«tt too littlo is sov kaomi aboitt tiMi phyoioo wohoaicaX
provortios of 4yoo mnA thmtr flhmrm* Tlhm oaigsi of tiMi oul*
f«r 4^*m oil—ioal stroettiro aokoo tiMi prtiSbUm mmn «oro
•oaplMi ia this eaao. foalBitaraafta <2) aiooly iapXioa tlMi
fatiUtir of aa^ attawpt at pradioticm iMm tm atataa*
Oa tba tlMNMrotieal aidt^ ouriaaislsr taaaght color
olrtHiiattT ia alaoat a virgin timid* Oar kaoala*^
of tha rolatloa tetaaoa tlia ahMdiimX eoaatitutioa
of dyaa aad tlioir color ia largaisr aapirical* Tfaa
l^yaioiata laivo aot yat iMoa aiOa to proeaaa bayoad a
faa tqrdrooarlioaa ia tiiair ai^Xieatioa of ^tttattm
aeliaaiaal aathoda to thm iatarpra^tioa aad pro-
diatioa of abaorptioa apaetra. ULttla ia kaoaa of
tlia inraeiaa aatioa of iitbt oa diyaa liMa fsdiag takaa
plaoa, aad of aay ralati<ai ba tiaaa tha color aad tha
chaaiasl coaatitatiim of a dfo oa tlia oaa laiad aad
ita faataaaa to lig&t oa tlM other. Coaeamiag tlM»
catalrtla activity of carl»ia dyw ia tha piM»to«
chemical dagradatioa of ccllaloac, aavcral pr^lciia
r^aiia uaaolircd* Tha thamrlaa of dyciag arc ia ca
cxtr«waly mdiaaatary cmKtitioa^ aotaithataadiaf tha
apata of piftliimtioaa oa tha ai^icct froH tiaa to tlac.
m»tm099W9 the aalfar dyea are a fhiaily oaly hy virtae of
their jB—«IB Mithod of p^reparatiOBg that is, ttim foaiag
tofather of varioaa oreaaic iaterMadiatea with aalfar»
eediaa ealfida» aad/or polyaalfidae C3). xt ia aot raaaoaahle
to repeat that aay oae wMdMir aiXX reprceaat tha hMdirior ef
the eatire faaiXy*
Xa triev ef the forcfoiact ^*^ <"** cearae of aatica
reviiaad cpea. The eepirieel eethod «ie the oaXy attack
idOeh coaXd yield auffieieatXy coaerete aaeaera for the
aelatica of thia prohlea, Aaty theoriaiair eee heyead ite
.a gii^'
•ai vill \m Uttt for tiMi tia* «h«A «iir lNM«li»48* of amXf%xw
4999 •ad til* ehmmistTf of d^iag is l««i akttelqp tMm it is
St pvssnre*
f%s wmmt tiwrosgli tgsstMWit of tiit tbsoxy of hicfa
tsa^MhfSturs daNliss is tlist 4oas Iqr INrijirSTS (4) » ssdi liis vitl
bs tbs gttidiag iprissipiss in tbs tsmdllij of t&is proiiiss,
Tiis totlemim is <t wmfimi of tlioss is^issiplss*
Dysiss CSS bs omtfii4sv«4 to Imi s pli9fsioo<«olis»issi, ^
S pmP9lf elrtMissX, ipssetios* Tbis tssotios is i^vsrsibls,
mtH vili s^ftttli Stt sqsililMriss svsstuslly* ftis ststs of tbm
•fttiUlnrisM ssd tlis tiss vitltis trbisli It is sstsbiisfMNl si>s
fsattiowi of tbs tmrnp^rmtwrm tmdsx' ilMisii tlis vssotios is
SSmflSd ttMrifej.^tF^m * 4S^p^si ^vmsw m
timrm S3*« tkrmt p^mmmt isvolvsd is tl^ dfsiss oysls.
YiM first is ths pftrtisi 4iffttSi«n of tlis 4ysstiiff is tlsi
iNitll tUSSld tItS SQlHPSSS 1^ tlMI «ilM1F« TlMI d^fS SOlSSttllNI » txf
irtss of tlisir rssidssl tslssssSy siso tssd to sssFSfSts
IsjStiiiB is tiMi I|r9l»tli« Vtm dsfj'ss of sggssgstioa diffsvs
fffsn OSS djFSStsff to ssstlSMr, for sseli tsiwii'sm»s » MMnrs is
s eorrssposdisf ststs of oquiXibrisn iMttssss tlis «ttaatity of
difs is tiMi solsonlsr ststs si^ ttis ssAstity of dys is t^
•gfdiitsd ststs.
tlMi sssosd sisiss is tlw sdsorptios sf tiMi #s hf tits
fibsr* His w^SmnOitTlf diffsssd djrs is lirssglit isto oostsst
Vitb ^Ml fibST br tbs SixSlllStiSS bstb* Tbs SdSt>rptia]i

IMfPC—da «p to thm 9oiat of tM •^ailtterlvn t^t
cogy«»owdC to tlio |Mirti4mX«r toi^^intityo ptwoiiing
•
nam tUXrd pkm9> 1« ttit ditfhmi^m of tlio dy« iato tint
i»tori«r of tlio ftlitr. rim 4f ttolociilo «tt«t sMNiotvftto «Ml
latovoryotallloo yieti of tho eolXulooo MoroHNolootttA^
Mwitystlosy «o]?««illyp is mX<3m ood diffio«lt ^osiiitM of tiNi
ttofwgti ttio fiter* CoMMfMttttrt tlio dfo piloo vp m»A
w&9^^ •OtfowRlft^s OB Ite Atirfieo of tlio filMir, MMtosiif
dlffooi^i into tibo itttori<»r of ^^bo filMnr %m mmmtamg94m WM0n
iMporotwro gMOtly aids in tlio pOMfttvotioo pro—«§• Tim
Miitiott of olsotro^^oo doM ontowmfo »» oftriy orrivot tit
thm ototo of iritiyjgo^'^liiMlfiiI o^ilibriow^ bot tovporoto—
flitiii i—tm •• ^m pfimwf d»^ff«&«i«t«
A d^aMiift asni— of • ^^r^ot^ mnA » «mmi to imi dfid
<i—t to d^ivott tooord i>rootiool oaKhftiMitloii watll m tiao«>
•ad nm ^^a>%& of tlw ^^Nrtditk* 1MM wmmMmmtUm io of priMi
ia|NNrt»»BO to Imml c^iat* tka ^rioeipiil f—tora tMnriat tlia
9««ir to iaftaaaao tuta iQ«taa a— taapavatwrw aad «o»*
oaatyatioK of o3ootrotno» Tkm taapaiatafa »aat tai^ortOAtly
iafItitaMMi tM «»aad mlt% vhloh ^raasla a^iUliriiia la
IWMMMNI* tlH» wmume iQr oidM aiiaiUtoriiai la rtaolMMly tMi
fpaMitity of 4|raatitff » aad tim aaoinit ^ aatorlal to fea 0im4
la Ita pjraaaaaa at ttm awniat of o^illteritia aro eimraotor*
latloa aaioaclaa to aaali UMwtaml djpa*

St
wmimin9 tlsm tmm^mmtwm mm f«pi41y mm potmihlm to tiw poist
womt fmf^nrmhim to ttio iwa of 4iffooiiHi of tuo djro <iiia to
ttio mmrlf ootaMiiOnMit of tlio fiiif«l«0"«li«iiitfitl o^ilibrltm*
T1li« pyowot— good 90flotx«tioa maA ImtmlXUmm Itea tlio MtH
is eoolotf to tlio point »oot ftirorsliio to 4^ltfiissti«K« tm
•d4iti<m of oltfotroXyto vili iaovMMMi t%tm vftluo. Xb mmmmmm^
thm toetaii^io is tlio ro^oyiw of t^ mommt mHlmw of 4y«iat*
Porbiips tlNi aost Mbitio^ nn^rtftliiss i» higli tsa*
pomtinfo roiNNiyeli wmm tbo vork itooo 1^ tlio Pliil»4oipMa Ssetlcw
of tlMi AMnriosa AssoeiatiOA ^ t^nrtilo OiM^sts sad Colons*
ista (S)« fbtir aaaouaoo^ ymtpmm saa to iavaatitato*
Iterioflyp tM IwlMivior of ovary olaaa of dya aatf aU tlM a i,iwaoa
filMKra aailar tiiati '^HMMnrat«Era« Tliaiv jgaiMurt ia tlia oaly oaa
tiiat oaarriaa aay iaforaatioa oa antfinr <^r«i at hii^ taapay
atttiaa* tlMiy aorltad aitli fiva 4yaa of tliia elaaa aaa fowMl
tiiat a taaparatata of Ml** F* «oa24 ^Nwtroy wft to fiva pmt
eaat of tiia aoi<»rii« poaar, tiioi^ ia oaa eaaa (Salfofaaa
#ol4aa WMt&m. Bd*) ivpi'iovaatut ^ fiim par aaat aaa aiMsam*
Hiay offar tlia i^iaioa tlait tlea aottoa filiar tftoui4 ba abia
^ aitliataad tfaa aaaa taaparatiapaa aad eooilitioaa of allea-
Uaity ia milfnr 4^iaa tiait it tfoaa ia Idiar boiliag*
la tbair aataal 4yaii^ nma* tliay pm^4»Sk aottoa faterie
vitli a aolati^i of thirty ffraiai par iitar of 4ya aolal»iliaa4
ia as a^piai amtitat of actdiaa aolfida* Tkia tteay driod aa4
tbaa traatad ia a fflaaa praaaara t«dw aitb a oaa«»to«tatt
^«rjV
filnrie«ti»«totli itttio of mmmm «ad OMN-Mlf gvmm pmr lit#r
of sodlwi mUUkB at li tMip«vtt^nr« of SM^ y, for tHirtr
i^mitos. Tk»r ^^i9^ thmlT roooXto hy • ioatl r«ti«t of ttm
ttaotorlal otipoogth and oliiidt^ oad foooil oa iaojroaoo ia
ottfoaiplli la oiwM'jF oaoo Intt oao aldUiii 4AMf at Xaaat^ otpail "tlMi
yooiilta of tiMi aonail toapoivtoro tnm of ^Kl^ f •
Tka lUga ^Mpoxaturo |wro<teaod ao oMM^p la tho 4^foa*
orlflaal faataoaa catlaga*
rmf 41d aot attoapt to a^aaum aatf oonpaio Mth ox«
lai«atioa»«
Tboir fladHags ladioa^NI tliat^ tiioiaili tm tlaotoriai
•tfoactlia of tlia aolfar Oyolaga at Mali tof^ovatoro laoraaao4
oaly aXlflitljr* good ^ralaga mgat %o Olitaiaodi liy aoali aliortar
aarloda of ai'poaMyii to ttea hJLwStk taanoyatoiev*
Awoat tiMilr ffaaaval eoaoluaiona, tlity atato tltfit higk
to^paratisyoa gr^mtly laevoaaa dlffuaioo aai aa«atvatlo«» awl
tMt apoaa , lOfvaXXlaf « aatf dlffooloa galaa aalea hlah ta»»
floratttroa oortliy of a4a^loa to hUfii apoad^ aoatlasiotta ^sralaf
$mmmmm lAovo iroXma pro<toatloa oaa aaloa tiia iioat of tM
taaawiiaa to h$ sataatf*
ZlanavMaa <1)» tlioogh aot xmimrrijng dtrmetty to aolfar
fiyipaSy <ftaas IJ^it aava of tiia movo lapogtast ipaaaffal ai^poota of
IMM^ fpawataia 499im^
aa vi^Nirta that hlgli tam^ovattiyo dfolair la fiftooa
yoftra oiit« 9w99tfKf9f itaalf » IriHi ao affaat aa '<Kha pipaaaMit
i«t la i«M« aMwty to atrriva at t—»a>ataraa ai^ova tlai IMX*
ii
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Tt0 intMi of miottt itiiwltit rii 1 3 anj iattMMUMi vltli fpinn'>*»
titr*, ftnd thm rmtm of 4F#ins fllMlXirly inerMMiMi. gcwi»¥»A ,
0OMI <l|!<Mi dKocwpowi mwa hold »t • lilgli toapMrotmiii for
ovoi'Al. iMiHnw* MoHilt tfuililMMi )d^|Ni ot 9S0^ y* Owl fOftljr powMii
iiWi i^NNMMMro, Littio ailvft»t»iO i« gftiood hr tte umi of •
SfOiMK tslMo pXftco toy tlNO diffusion of dsro iioloeitlo*
iato tlM istOTMlooiliir i^pfteoo of tlio fitior* Filior woolis Sm
ifttor* vooly is fMirtiotiUr^ i»dorgoo« frontly iaoMMMd
tlMi rmtm of diffitolon of tlio
€tfm portieloo itmwmmfm vitb
tiBpiyt^w dsd vitli a docaroooo in tlnolr siao. Poo ilyos •*•
lOMNM to t^ into aolooiilor dis^siroios i« o^pioono ooliitio»t«
Tktf mmammlr ogti'^lPto isto ipro^^ (^ fro« too to ton molo-*
ovliMif ooMOtiJMNi no nOBQf on o Hnndrod noXoouion* l%o di^si^oo
of nggfOfOtion imrijm immpm§ty oith thm tonpiyntofo*
In naaMitioii* liitfli toniwiiitiiio ofonoton dfoiMC Inr in^
Ofonnins tlMi i^oro ninoo in tho fitoor; l^r dooroonint tho nino
of tho dyo pnrtiolon^ nad hgr iaoiFonninar tlio mto of diffwiion
of Vm ^^. colloXonio nntorintn do not mnpowi to hii^
t—pofntofn nn «oli no do protoia nntorinln. Alno» nndov
•«nnl ooaditioMi, n fItMir nt oquilibriwi tnlcoa op lonn dyo *t
hUSmw tnnqpoxntwrost Uot tl« mto of diffnoion of tbo dyo in
iaoi«onod* In «natvol» hi^i tonpomtoro dsroins tnleon Innn
tint niMi proilwnnn n^pMii or toottor fnntnnnn yntingn in
-CR&I
As for mmtfif to ^«til« fllMn«, wmm MdHNnr siimifi**
mmtlf froM mxpomum to htgtk ttpni'iiKmi fwe m 9(kort p»riai
of tijm, vitli tbo owMii^loB of eollttlooo Motato,
With Urn mmmvtiem of i^ijiroro* voH;, it »np«irii tMt
#• MirCUI'jf OOlttMi VMIISy. fllNNnMMPO<'HllffVf'Onl lA1 {PlfttfOfS
gMftt {MTOttiso for oe^iMaio*! voprochtotloo <ni oa ia^aotrial
MMIjW* FWtWKVy SO VOpOV^H ItflVO MNNI fOMMl wMiXiM(f WiktM tiMI
iqnooifio (Mqpooto of lil|^ Itwitfaffi ivpXiMitioa of imlf^
4yMi WMlir siMiiXjitsA ^po teottwi eottdltiom* It io foXt tttfit
tidm vorie «•« iiolp to ^i^^ tiMi mp iMita^Oiu lalMifStovf (MMI
<|f»"teowo Iqr •tuw»tit to provl4t oawf viOoli viti vofiMrt
dirtmtlf t^oM ooMliOiStioaa of i—odiato pyaetieax appli*
•atioa of anlfar d^rM At bigii tOHporatuffOa on a eoaimic Uit
«.
un
TiMi t^ltmtUm l^^ ^mm^Umm all tiMi itmam of wfftmiml
•«iil9«Mit uimA im this prc^lsat
ifort<»tt TwIv^^JMmil mslHMPi HMrliiMS
Mmrtott OMi^lNMni VMlHift iiM»i^a» ClliHliti«4)
Atlfts fft4l0~C»Mrt«r
iltlAtt ]Jii»Kl»r--OMit»r
Vitli t1k» •»^|iti«i of tb» iKidifi«4 fte»rt0ft Qm^Pommi
Wiifcif lMrlii»», All it«Mi «f OfvipMst av* Attiidftrd ihimn*
fM»t«f«r*s prcKNets^ avsilaia* oa tli» opin wtarimt, ftad mh>
nm iNMItifi* of a^iiiilaiMi a^iol «ov«r «ia«te ««« IMi lM>ai»Ni
to tMi tojp of tiMt oxsMMivtott alMarilMHr* TtUta sMtjK IM oiairtwn'
fvOM tlMI tttWM||9llOfO ftntf IWtvitO tlvi OStlVO 'dl|NitNlt& to tio
ciyt«a34ito<S mMMw Ili^jStii lHM[|MtI1itUf#«
BofOEMi wm^^Umttomt tim oxpftanioii mtmammr ^4 to Ito
olowNi off froM tSio ziRMiindNKP <K? tho ajnitOMi li^ mmum of
mi*TOO VMHOPWir *« mo MNNNMOVy lO wRO BlIP)* lOHpOW VIU'OW
«
Jkwif dyo ootottofli fOMHalJiir ia tiMi aiqMMMKlooi olriMlMisr'y of
mmpnm, ooold not lio omni doriag tlio liigli towyonitoio piaam



































































tkim inroMMM «mi fimt •lA«««t«ifUMNI with M^|ftr4 to slo*,
twist* mmi hrmkim mtrmngth in «4#«»li«Mi nitli thm Awmrumn
Wmi»tf f<^ Itatittg ait«ri»3Ji Stua^rd t^t iHO-MT Clt>
»
It «Mi fottad to b« ft iKOilMMr 16 siaglo^ly yftm nitli • 2 tviot
of 18 •! tiims p#r itteli mmi vitli • terooklag stv^agt^ of l«l(l
yNNWCft* TiMi fttMKilKtIly lMMf9f99^0 IMMI foVQidi tO iNI llifllly IrfOgy
Ql»r, mizTiat f^raa O.t to t«i8 yjMMti, Tlii« irrtgaUirity im
€a<pooto< to ftffoot tilt MMwrftoy of t%Mi otMNigtli t«its tm tm
4y«4 •Miplo«« liui fwrnlto mtm i^ooa in fMMlMi 8» 9, «ad 1§«
Aftoir mimv»etmrU»tt<m, tlio yftra «Mi «o«o« os por»
<M*^4t otiiiiiloooHit«ol ^sroiag t«Mo to jrioX^ orooni oao pmmA^
ilWttriap^-^aitlioy tfaoo ooomr mmh ptmSm^n^ of irtm oiagiy io
tMl ooo«-fo«atf MiiaiKloo Jwt ^rioir to 4|poinK, tlio yom oos
wioorod is ppom^ ia tfao tvolvo-^owMl MMliiao, tlnis wmwim
tiMi io tbo oolwoquottt ^^Um <qpoxotie90«
Itt ooouriag, tlio yoro voo first oot oot oitu mm hsif
9sr oost of Vtrfitoi l^sastrsat 7 st l»sf* f • for fiftoss









riag wtm 4tam im fimi pmy «Mrat sodilun hyilrogcld*, tSax—
f<»llo«*4 bjT « fqrtjr--«lgtit hour eoaditiooiJir *t •ist^'^fiv» pty
Si0tt ln!«ftki8g tmagtli tMitti wkt* m^ cm «ieti of tmm
iMlncMi, fiY* «f wkAah nmrm to imi <i]r«4 At aorafti fmwuf
t
nwi
|«MI for muth 49m iMMNOt ««i fivo to IM tff«4 ffiviliirly at
li&gli tOM|Miilit'Qix^ « TliO otntftgtti 41ts oofo rttcordod Iqr pBolttigft
9i$mtm on yftm stvMctli of mmh of tlMi ^^r<M Iwtli midMr
aoniil t—yr«tqy» ai^ oa^tr lilgii tmrnp^wttimam ftippliofttioMi*
tlMHi ^t» »«• MMiat to Mirvo MOXMiXy ia tMi oapwitgr of
ft ftOfttrol ft'Sitf ftot ftft ftft ftftAftMHHiI'Vft tftftty Iftftftftnoli ftft ftU.
ptOsHiMmA litftrfttttro iadiofttoft tliftt oottoa i« aot oxpootod to
liflai ftiftftiflofttttXy fro« tgpft—
«
'i to tftapftifttngftft of tm
to Ihft iMMM ift tIMlft •ftyftriflMit Ct) » C8> , ftftd (7) •
Tllft Vftiglit of ftftftil pfti^GiiO «ft0 etotovftiflftd to vithift







9««l»g9 nvmHamr to wmrv •• th» }mmi.m twr ttm mtlMutrntUm ^ aii
wifli^ of d3f«s m»A elMnileals to bo i^od la tlio pvoooMlag of
Coloriaotry'*«»CoXoriootrle —«>Mr—taf vovo oaod to 4»t*i«iai
tim mgrnvrnti^m of tiio ^^NUmtli*
eolorlaotry io l»MNI 09 t«o lomm iBy» YM ftmt,
Itaom ft« X4MbMn*s ls«, otatoa t^t tIm MWttat of aosoeluraaitio
Uckt tftt9Miltto4 hf m pvWf eol«ro4 oototloa lo m fmotiOA
of tm tld«k«MMi of thm imymr of tM •olotion tliroi^ liUUili
Hfx X^ is tilt imtmmltf of t1»i U«lit ti«iiMittto4 Uuroiigli
tlMi solution, x^ is tiKO iatoasity of ttm manamm ilftit boloir
4ii?ootod ittto tlis solotiesy t is tlis tliisltssss of tfas li^rsr
of solntiottf mmA • is s eosstsmt*
Tlis stsoadi Um^ Inoss ss BMr*s ls«* ststss tlist tlis
iHMHnit of sosochro—tis litfit tvsaMiittsa 1^ m pawm, solovsA
sslstios is s fifsetiott ^ th9 soMSsttstios of ths solsts^
is Kolssslsr 4impmrmUm^ is t&s solvtioii. TIUUi is ssftssssj
sstliMiitiosllar ss»
*t * *o**"**^ ^"^
Hiiri e is tlis sssssstrstioa of ths sol»tioa« b Is t soasttstt






Itost eoloriM»t«M •!*• bittt ftlil* to mmmiam la tviwi of
pMtaatafa trasMiisiilott of ligiitt T« ms»vmmamA as^
Zt
mofmmmr^ trawniUMiioa <lo«s aot T««y limmrlf vitli
fMa atttitiott aaa ba eoritoiaa<l aitli |3> aa folIoiMis
S» a tol «••» {•>
s aaX CT>
liM^ya a la aaiuNMMMNI la ai>lMi pay lltavi^) 1 ia €^i^?aaaad la
aaatlaatOTay aod a la tita molar axtlaetlaa aaafflolaat* nm
aKtlaatloa aoafflelaat la afaal to tlia o^tlaal 4aaaltj of a
caa aaatlwatay tliMi lAyar of a &m volar aolutloa of tM
partlaalar aatoittaat aaiar Isfaatlgitlaa*
fonatla W la tiMi <»w aoraally wmd altli a aalarlaataF
tMt faa^ ia tanai oi paraa«ta«a ttaaaalaaloa of llglit.
WMt idaal eimdltloaa, aa<i almi pIotta4 oa a aaal^logarltlHi
papar agalaat valaaa of aeaaaattatloa of aolatloa. It alMwM
Tr^3 #rf BTV
to Inelttd* imifim * pMfftetly wsMW^a^Mitle ligtit ABttro* iMtf
• 9«riiii0t iMl#««lftr aolvtioK, tm tbm vovie «t lrtiwl» wtitiimr
tiwfto fiZMMHit v!iit« Iti^t mmae^m mwi m m^rimm of filtmm
iMilsli ti««ndLtt»4 * wiiHldLsg feftad of i^Ebt thirty illtail«ro«i
«ia» Cfiftt«ft lOlliKieroaii t9 •itliir fti4» of tlit 4«»ifailMKt
«inp«l««gtli) • TurthmrmoiVf as liM kMs i»iti4tftt«4 «irli«r»
^IgNMi ftx« ittr«ly IttMHi to t^ into p#rf0et wolaealar •olntlMiy
A« fiNmld IMI oa^paetod, ia trial rvnei vitli praeiaaly
•aatrollad aoaaintartitiom of «tya soititioMi* m mmm^ ^tlMr
ttNitt a atvaiiilit Xiaa^ wNRiXtad frcai tlia tiaa of foiwula C9|«
Aa a triai, ipaloiv of ooaaaatxatioa of aolutlcHA mmv
9lotta4 aaaiaat prntmutrnm tmaaHiaaioa iiiB^t vaatfiaaa taism
tfiraotly fron tm 4$Ml of tlai aoloriaatar* nm MNMltiag
liaa aaa »o Mora oqtmMI tlaui tiMit gaaarataa ^ fonntla <S)
«
St wm focnd to aosic vary aail ia 4atar»iaiaa tiMi aoaaaatmtiaa
of a aolatioa frcai a paiaaataga tfaaantiUMioa of iiglit raa4iaa*
It aaa tlMni 4tatidhid to eoaatroet a gta^ for aaah djra ia t^t
fora* 8aa yi0!VBPaa 4 ttupoui^ 8«
nm oapaaity of ttm dyaiaa Mioliiaa» tritlt a oaa*>yoaBtf
aaaieafa of yara iaatal3od» aaa aoaora^ly datamiaad. tkia
yoiaaa aaa found to Imi foortfoa Utars* Zt aaa a<&ar«d to
atrlatiy ia all ^kjmUm maa» aakiaa ^taa aliaaamd for tlia
^ty aolatioa aad tfaa aalt aolutioa to Imi addad diiriaa tlia nai.
i»itm'
$4
•iaM tbi« i'»i»j '—nf<l ft fmadmm d^ymtm '^x* ftulfur 0pmm thMm
pmfernntMfBB on • oaft fouadt pfti^Mft Ui f^MirtMMi liters ^ iMitli
jriftlidft •» iaitiftl awiaifttmtioft of ft littlft wnp# tMis tlurftft
pMftft pftr Utftr. fhift ift tfto Mmm ft tiftiftatrfttifttt to ft* wm4
mm turn «oXorUMitft»« a<wwfi » If tint ftolutioa i« dllotftd to
mmm mm twMlfftrttii of its mriglatl ooaooiitxfttJLotty it fftllft
mmf mSbmtf n^tlUUi tuo uMilft Mft^iaf vftftit of tiMi ool^iaotor*
ttUUi 4mtmrmium^ tlmt Hift grftidi^ noitlft iMHro to bo ooootmotftft
inr ft fftftftft of ooaoofttiftttottft of irmm ft.ftftft to 0«<I10 wmm pmt
Tho eAiitMPfttiiiK »oX«ti<»Hi oovft pmifmwmd tor voiftliiftff ottt»
fttt tiMI ftOftlyti^Al llftlMMMIi. ftMMKly OftNl (nNMl of dHNI. Oftft CfftK
of ftMMlllfti tftVlMHfttO^ tWB> ftfftftfll Of OOHMH ftftlty ftftd fVOlB OOft tO
Aftftv flfiMMi CdOMMftftftot mm ^bft dbro) of ovmitftiliaft ftCHtitni
mlfiao of lOftfiitt ftxft^* tlio 4fO» ftoclft a^li, ftadi ftalfldo mmvm
mlwrrimd with vitftr ftM boilotf for on* tt&auto. t!»«ft ^m^pod
•iililltoro of vfttor vovo fttfftotf ftatf tlift ftolittioo vfts lioilod
i«v ftftotMr ttiimto. flMHi it vftft oooiod to too» tftftpovotiKro to
iwwiioiit OftVMftioft ftftoa pmmwm^ imto tho voioMtrio f3Aift«
TM flftit Vftft 4iMK>ivoa ftft|Miir«lwiy ftirt tllOB Vftft ft4ftftft
INi tJbA ftolntion* IPIm two ftvftwi of oftit rofifOftftft1 1^ •MMMtXy^
tlift tftftftty por «4Rit ftftitii^ tlNkt oftoli ^yoftfttli m«ml4 tot oiAk
iftftto4 to ^lor to t^ mmA of tko inm mmd tut diiftoioft of tiMi
ftii^oot iMrtioa mmm^tm of tbo ^^^rtMitH for ool^rtHOtrio oftftoitvo*
£3tf^t"
'^^99!
mgHUiUmt wmtme wm m4iim^ to tm •oioti^m in tli*
w9iXwmtTUs tlmwlk t« w^m mimotXy mm Xi^r of soliition* tim
riftr ttlllilit^vp of tbo oolQtiott voro dromi witli m
w^tiwmtrim i»i^tt» ftad «ovo wUdM vitli four tnuiiroii mri fifty
«tl.3iilitovo of wttmt ia ft fivo iMmlapod stllililwr voXuMfttritf
flMk to yiaXd » owMiOBtffotioft 0i mm^tmath svaii f»or U^*
Tnm tills IM^ Ml • vorlcljm «»liftio«» oofatftioaa
of O^OiOg e«INIO, 0»<^, 0«q:»I» »»d O.OIQ ffim 9»r lltor vi^ro
Mm |iv«iNur«^ i« • fifty miililitOT irol«a»t7ie flask*
Tibia fHpaaaiiava <Kf 4iiati<ai w&b mmAmiIinI t^ f^a^NMNi tiMi
fwroaataca of raiatit« arror to aa aaail a vaiaa aa yoaailila*
OMNI tlia aoiotioaa «ai« prmpmsm^^ it aaa aaxt anaaaiyy
to 4iataf«iiia «iiieii fiitar woiil4 hm Hm soat appr^priata for
m^^ 4fa* A aolaticw m±t% a nq^taeifia ooior w%t% abaotli anara
lig&t of oaa aava JfOag^ «baa it alll i^ aaot^^ar, Aa aa
aHtiaaa airawtla a mira s^ad aoiatijcai vill txaaaait caa laiailvadl
|par aaat of a linfiit fian^ias ^ pafa vad jafalamttiy vasai^laaMi ^ntl
%1M aoaaaat«ati«m# Oaaaaquaatiy, so «ltfMB0aa ia raadiaca aoultf
iMi otbtaiaad tor wmwyiitm tm aoaaaatvatioa of tua aoiatioa* tiai
aoat aypropriata iigitt ia tha oaa to atbiali tlm aoiotioa aiil
•ppaar to Imp wMit ofai|aa » or optioaUy 4aaaa» nm filtar pro**
daeiair tiait Ugkt ia tba oaa viiioli «oat iw wmd.

Of Xigbt wtM tfOlMHNNi f«r wm with nm ptkmim»iMr 4sfm tmUm
fWMUM u ti»f«iigii ia«
Wtmtf mltk mpptMKjf9^iMt0 iiXtmr inmtmltM, rMMliag* of
iLiflit txSttHwiMiiai «•!• tiUtBMi for oooli of tSit mmmmttvmttmm
of oo3xH(jL<m pfOvltoittiXy iHPOpftWNi* TIWMMI vttliiMi Oyo oIiokii foi*
(lifTiiitai lOHNi oottotymHsiMl ter olottJUMi offiimnintiHi I' I wt cxf
MdllftiO&^k ill CMNMI SMMT litWP. OflliflMIt iilllKIIIHnHtlllli OttMMMtttM
y«r^rti«fe ia dotovwiiaas tlio fiaoi mmittmtmtiem of tlMi
(iMtmmtOfI #Milifttli At ^M ond of oooli «dbRtlJus «<im»
To ^M^^wm thm d^r^Mi^ oittii^lMi, a portiott of tlH» iMitii
WMi 43ftma frott tbo <lr* otwwiwiy liio(»{tH»ff vitli tM» iMitli eifoii*^
MopXo «Mi ooolsd to w0Qm trapomitttro. 1%oti ow» niiiiii^r
«Mi pipottotf fyoii tiMi «ft«plio use! iMM idbwtd vitli laip iNitor to
fill • o«o ittBidtoOia Miiiilitor f^oinMitrio flatHe. 91tio ooi«tio«
•mm tiMNi miwjd %m tbo eoSori»tt«r«
la opovotiag tlio eol«riii0^r» o»»^-««Bitliiotor oiiVOttMi
aaro «m4} tai^ vator aaa aMNI aa a ataadami raj^s^aoa aoiutioa
for taa aarpoaa of aaroiag tlia iaotmaaatj and a aiwaitivitsr
is^mmf^ ««
mi Mtmm tt^Xw^tmmtmt gm^mtimm to tm txmwmmiMmUm 4I«&
tbiNMMf ott tiMi vtiglit of tli» 9«rtt« «•« iMM^* Tbm
€fm wm i»igtni
«oa««at« mMMI i» ^ttkm tm dy* into •<iKMi« m»iMt$am»
Tmrnmit nmt tttrnt iAlt« IMUMMI on tiMi alglit adf tlMi 9#fii« wm
4Ui»otip«<t •i«]|ftv«t«ly for istor tMUitloa to thv Mitli*
flMi 4$mi, mom MOi, tad CttlfiMi wmm mUaevimd vitu «ftt«r
ft»d wmem hottmA om «l«Rsto» tM irottMt «•• Iwiiniglit «|i to
film limdlmdi nilXlS-it^^s^ iiitli nitMRff rnmA wmi IniI>1UNI foi* mmkiIm^
9lMi sRlt VMS m^^4m itp ial^ ti fl.v# tnwidWNl idtX^ltliiNi^
Prior to thjt aiotml ^r»ii« vvm» mmoh 9«cim^ «•• «»t
o«t mi,tU two $pmm M I^w^qmoI lA f^r fift««Bi tMl^mtMi »t 3M^ 7.
Tiift «ettii« o«t iMitii wtM mmimo^^ mmi ftU tmmtmmt mottim$
mmnst wm$ rUmmd tdf %m t e&%j$» mmmim ^t% to pumimmt
ivmmAm <tariig tkm dfmlng wmo*
Uk tkm WKTMil tmmpmwm^am rmm^ tiM Jamth^ mrnommtims to
thirtiwii litmni of «it«r, mtm oot St 190^ P« Tlio iljro vM
•iitd is t«o sqiaii i^ortioaSy o»o wits tiio toits oireumtiag
ilPOM ^Mi insi^ <^ tiMi psMl«» to ttio oiitsi<l», sad tlis otiMnr
with tlis Ssts «if««lstis8 fron ttis oistsi4Hi <^ tbm pssksss ^

at 190^ f « TlMi dirttfirtiott of eif«alftti<m of tiM lutli «is
lAtMnntfit^il •vsfy IMvft sijuitMi*
fluit wm mA$04 to tiMi Mitii &mr th» fttXUmim ttttmm
tart* pnriod, «t tho v»t« of abovt f«rt7 «itIllitor« oi
••Itttioa mmtr tAmttm* tbm 4ir«etlott ot •inmlstiOK «mi
>!lf<lf,HH<iil ffidT 4flM^ ftddtit'lUMI 0# ffi]it«
dy<§lJI|tW fll3L€NMMl to psroOMMl fiMP ftH SdMlHtiomX tWilltl'**
tiirt »lMi«os at 190^ F» fht divoatiffii «^ oiT^ttiAtimi mm
Al.attnMl^ttdl omos*v fl.'vo niiMrtoo^
A MW|ImI 0« tJbO MdMHHrtMMI <|yMMI1^ Vi9 4MMHI tit tiMI AMI
of tliMi iMUitar ttianto ^^iat «y«l»9 to te it—I'li §9» ««»»
flit l3Rt& mis di«iiit4i, imi ft msBlftf •^^(i tMi^r rjUMi»
HAS ftiq^llMI «iitil tiso tMitli ii«i #l«iir«
INNI 'i0t IfiMMNI of 190^ S^« 9iiW z*Qai fov tfts wMnvlMMi oftirik*
IQMI fMM^MMPO VIM tlMKR VftflSMMl %Mk OMft lliXf ftliMI Of IHlpOHOH ftl
tiMi tfttik Vftft dtvttiwMlt ftiNI ft Iftftt rwwilmi co^4i «*<«••
vfta ftii^iiai witil t^Mi iwttiftff ftgi«t foft» ftatf fcrtMbHwi dift«
Ytaft pftftlMiift iMM rftwaiftrt frow titt MftoHiao ftad
ftartvfti3to4. It vftft dtrla^i in tlM liot ftir oiva for tvoaty-^^foiir
iMMMit <^>rt tlM« it «fts ««ft4itffl«iftft ftt •ixty^.fivi par oaat
i^lativa iMHidltjf IHMI 70^ 7. f«r f«rt9r*^ifht Imwa*

mm mum mmmmr vltli tlMi •Mvptios «f ttmi aeti^il 4y«ittc «i>«3j».
Hit ttitu «Mi Mt «t 19^ r«» «Ml tiMI 1^ iiMt <ii4 la «»•
«•• feoXt^d iMium pUmm mwA thm wmmmtmm mm vmumd t«
SfiNbKV IM tltiNMNI to PICK—
d
»t saa^ f « tor fif«M«
u tiMi d&Mjketioii of elyvtiltttios mm mttmvmttmd mmntf
Mftmt MlmitiM-
Mlt mm liOi la aaairtly tiMt aiaa awnar •« aaa doaa la tba
9lia raa aui tamiarit«<l iaamUatalir aftar tiia fif^MM
wiMita aaitlai 0mm^ mui a aiapl» «l «Ni aaimMNMNl 4f«iatii
mmi taliia §&f aalaaiatttifia aattMaMMMil <iir aaMMNitfatlMi.
9IMI riai.la<iff «€ tit* t^aiitaaat aaa axaatly t%» atsNi aa
tiat for t^ aonMil taapayataj.'a «aa#
YiHi iNwlad af fUtaaa aiaaflNNi fav tiM ^f^ffc tMvaaatapa
plaiaa aaa mtmmiwmd tqr a psmijemtm^ pmXimUmrf nm* tartar
alilaii aaain^Saa af tlw laitii aa^a taieaa^ mi tlia Mnatnafa^apa aaa
%i^m ni^lMMli amta tba lawpafi tmia mm kalaa taalii at 2S9^ f {
aa tiia taaaayataava aaa balaa laaova^li «a<l af^r amt aoa
(MMMMI. intia vaattl1» af tim rmi ara ittiaa la Tania 2. BaHat
tiai liiak taaMnMitaMi aliiaa.. tiM iMat aiMaatiaa Caa Jjidlaa tail
;«p^
tmmtsf wdMmtm at tSOf» y»
MMMMHHl fldt ttMl {HfWMMPNI 011 I^Ml My9tlNi OMWid 1l|jr tlMI
»ff on tm Umffmmtmem mw^ ^^^ pwmtmmm gft^t t^'^fmmm timm
tkUB iwiligUted nlKMit o«i foot of t^i«f im w^U»h thm 4iNMMitli
A lN»tftI of tmNity ai«lat Tvam wmm wmdm, twi f«r ••eti
0f at aaeii tw^MU^tuxv* xt naa INiHt tliat awr «ni aat <^
ffiMiiLta wia emmimtmi^ iimgli. ^ fi»« tiM» immim for a #mk
0MNt 19im atf"ai|Btti«''»«4feuriit livaak taata '••«• aada aa aaaii
paiiaiaa ckI j^a^ra f&ir aaja^ iMNMUdUia ati'aaatiia laid liaaa fattoiriiiai
faavioaalf • Ulia pait«*^Hwla« ati*aattlMi aat« eoMparad vitli tua
fpa-dyatoi ataaaa^«» aai tlia eliaaia ia atvaaftli f&r aasaat
taaiMvataya diifrlaa^ aaa aoafiarad vitli tl# alMMisa ia i^ t laaattt
INmt liiflSi faaMaaatiBni <lpaiaa* IImi vaaaita <if ttnat taaibi aiai
ia Mbla 9I>*
J^a|a««^Ll|[^t-»taataMMi taata wmm
tlMi 43rad jpaira ia aaaaipaaaoa aitu tua proiadafaa liaaavilMMI ia
tika A»A«T»c«C« 1.088 laavkaalB C9)« Vha aaaiplaai, ail taaa^Nnr

SI
i« mm 99mm 9 ^f*w0 tMpHWiid to tiMI •TCH'light of tiMi f)MNM3Mt1»r
ittipfiiiii i» tM A jt«¥je«e. SMI HMsiMxiii a0» !»• ijiiit t*
lMitt*i wm»K« 4^ tiMi ^^P»<i y«rii* Itt ttm iMMity lilMMMMd
itfttflUNMl tno tap Itemf ImiMmi^ IS^o gi^j-n^yi tHUi WHilAd in n Sumi
Jtor •«M«fti«iiK t#s 0ta9ciftr«s rnm^x wttm mtA mm liwiinn! iiiXU**
#Mlt Mhii MAi* IEIMI' flMpl# IMMI fWi IMI 'l^Wi liWNii(MP**4MltiK[f #oy
fortjHtivt »i«iitMi at WSi^ f •
«Mi lMyrti»< «iIUUt«nt «f «ftt»r at X09^ r, W IHitlWg
frigovowi])^ for cMMi »is«i^« tkmn it «fta ttoi«Ni4 im mm tmmtam^
mxtlilitmm of • Q«0$ p»r «(Mit •olutioai 1^ 9mHlm tmiA •«
•Q^ y* TlUUi «ts foiiawid 1^ m tumt vimm ia «» »—itn
lllHlXit4H9 of VS'NlI* ftt 0Sr W« TiMI IMmf^lO IfttS ^f^#f#HMrtEViSt4MI
M4 ixottNl #p|r vltli l&m liliiMiMMl #ottoa sMi up* Jkwsf hmmkNv
«i| ttMi 4l|fO iMi ^tfttfawNI tgr iNUMMil iMOpoatioft of tlMt IMMMNI
Sutton*

tiMi tttti&tm Kinut^ 4imticni «if tlMi tidsii l.gw>iiiiiiii't siftat ftiv
rtuwB in tili3« 9.
All of tiMl MKRMll tMBMNnittllll ^AMliflff fUttS WUMi <iiirt¥
Itopty i^URt^Mi tt# #aH9^l0%#* iPiyUii lnBlii#id fiftiWA ttinutNNi At
iltf ftbi tiaS mmm nMki *fi^ iSiMt 1ml lOIMir tlMi tflMMMMIltliSa hut—JMI
tiMMNi two liiyits* Ti^m ti«« «Mi « #iift«a«t«ri«ti« <^ tli» •^ai^
Ml vmNI* It iJi 90t aasiNMsviNl f^fitlMl to tiMi 4y*aiii|| yiMMi*
It im «^paet«4 titfit tiw iWMitta wmoa im jwit m goo^ it m^
Uttar tiiw mvttidl iMi rtwiyfaM <9r «lS«i«iit«4» tbis, of «««anM^
IMMliii IMNlJtt is ttA iNMiitiMMIl Mtviatf tn tlMft tiMi MN|aifadl tov
tiMiittf ftt fiA lllidliar tMHMHMIiMINi*
Xtt QfWjP' aMMly SppfgMMt>l# iaonNMNMI is Hl^l^lfltfltll IKS**
IttnStiOS IMS SHOiHrliSMMMl St tlMI IllJdl iMSMMItHni. Tte
itor «s^ 4ys sis as iailasa imm "mVkm 3 ^uptagii 7) t
ggbos SOP ftafSiy 17«S!I
SSVjf 89Mi 4BKS9 SsptS S4*9|l
0i7«at Slaa sacf lS«>i
ttriUisat a»aaa OCT $M
» f UliS^-j




t«lfoc*ii» Vftvjr UXmm €WCf tiqMM
MifofMi* Tta SiCf






l»y« liavfaetiirvr: I. M, AiiPiMit lit «ii4 Covpftny^ lae*

7ibl« 9. Pyming Cf9lm AmlyiM of I^UofVWl OrlMs MV MilMi






















































lOtglit of f9m CPMiH9c9 Wmritmr 97)
Voii^t of tUf
VOiglit of 9o4ilMl ClTlWl tO
loiCht of Crrstslliao 9o4l«i 9ttlfIdo











twMm 8* C^mpmrtmom of &f»t»tli IxMiwtioiHi for
Sitlfogoa* OrHmmi act thmttm
Avorago Exliftlistion of
8lf!i Jmtpmmtmm itfmmthm 44 .7 %
AiNHmfB l^iCM«tiitiOll of
Vomil TM[poy«tiuro Pyobttb* 37«* %
OmiM iB Bidtfiwitioii lyy Vm of Blgh t^npovtitvre ••• f
••UitiiP* P«Hre«fttfti» Xaprof«MMt 1^
VM of Bigli T>iim<iBtiiio 1T«# %
tiam of Hortfii Towporotmfo 03r*iac Cyel* 90 kImi.
Tiao of Utgk TM^^vAtitro Osroinc Cy«tir 40 i^aK*
CMiia is TiiMi br 9m of Hifli ToapoMtnvo SO wAmB*
fwooiitftgo 00la in Tiao by
fMl of Higll TMpOftttttVO Ml §

Wbtm 4, C€«v»ri«mi of Dy^lwtk SsdMliHltiowi for
tulfogMMl llivr Slu* 4mCf
AvMtff* iKttiiastioa of
Sotfttivo Piyntafo iMproMMmt Dy
HM of Hi(1i llnmNliiitiQNi 34«S %
Ti«o of Vivaftl t»«ptffitwf df#iiNr Cyelo do «ias*
TiMi of Bifii Ttupiftwpo Sy^ii^ C70l« 40 mkm*
emin ia Tl»i lisP OM of High toapof^tYnro HO mUm»




T«U» fl» Omgmvlmam of Dy^tetli MaOrnvrntiatm f«r
Ai^mg* SadiAiHitiL<Ni of
PMPMil TSMpOfIIfUTW DfWiNltlUI «V«8 w
ItoiiA is S«lMnwtio» hf IIM of Bltfli tt«a9Nnnit«it« II •4i %
Ml of Higii Tiiwii tityo M^B 1
'turn of Si|^ 'Voapomtttro Cf^tm 40 aitti*
^iii la ttm hf mm of Bigb Vmfmvmtvam m
ttM of Histi Tmpot-mttigo it f
-t#*«v^'
9B
tmbl« 6. CoafMurlswi of ])y«bit& MMuitiMMi for
•wlfogwm i>iv«et Bint Mtcr cm»» 9oe%
AvoMmo XldMWHlNdMi of
mtm in iKlMlttitlMi ^ Hm of Higk towportitw S,i S
EolAtivo Poitioatftso Iipgoiwiiit li^r
Viw of 8l#i fo«p«Nit«i« 19*3 %
turn of SovMi fMnpOfOtuvo dfoiag Cyol* M
TIM of aigti tmm^Jemtvm Pfmitm Cy«l« 40 aftw.
0iia ia TiMi ^ 000 of 8i«li toiyoy^yo il
mfwciiioisi Goia itt Tim i^QM Of Eii^ 'ro«|Mn»tinro it H

tftlO* 7« Cmtfif^Timem ot Dyvtaitii WKSmmmttom for Sulfogtn*
aritUftttt ortsB oer iKtrt cow* xsoi
Av^jmo* BadstiMitiott of
AVMi^MI ltailliHMH>AMI of
Oils la MM»9tiOtt toy BMi of Blgli TOapOWIturO 2*2 1
mm of 8tgli Tiwpojfttmt S«<l S
Mm of Somftl *Smmmrmtwm tiftati Cretm id »iMi«
Ti«t of Bigh ti!Hpot'>tn>o Dyoiac Cf9lm 48 mias.
0iLi« la Tiam hf \Sm ^ illi^i Ttnpovoturo 80 nias*
POiwoatafo 0ata im Tiaa lir
IMw of Blgli toapattttiuro ii S

40
MM* mmm ttmf m«« silglitXy itwilMr^ mt MiilMrt to a tetvlar
—tlgMlllla MM«Wi« 1» tiM MMO <^ tlM MriHUftBt GflMni» tiMI
^Atfik tMlflitnn jftiMft* liM ft 4istiaetly lituor ekroMi, tlM
tfta <Sy« pgMtecti S giMlMit , or oUv«t MMt at lULgli tt^pimtoyot
4o a<Hitx!Mrfe iso tte mdMHp or voIIomup olttMM of tMi omhoiI.
^HiHMHP^BHWp^lli^BMiiP flPM^^VmMV ^ V^ o^JoM^ %ro^4H^PA^ li^^^MIM flWM^HPHHI^mMH Mv^V^ M^HMHr ^p^'«»%F4k
ai( kolili tovpMFiiterMi •
is wttwtt mm wmim %m om«mpo tm pOMtrfttiooo of tiM
dkmmm %m fMHUMI itf MiOMMlHUMtO OiNMM«OOOifclLOOO. TJlO iLlliOMHM
MPMMHMOtlMMl OilOO Mit «OOl4i HO Ml40 "Oitb tiM O^ltmpMMt
Ml MMi MM tMI MM OMNMldLf olMfOMI* tbB <iff<0 MM tOO MMMI.
^fr^^^^w^ flOOO ^Ni^^^r Of ^H0"OWlHi ^^ ^O^^ ^WB^O^^^^^^^^wB ipjO^^MI^Bi O 9^^^ vMnPI^MIMaa^^'^ 'f ^^00•(^ ^* vOnVr Oli^^OO9
SMiilm lidit for i^roMiopIo iM^pootion* ttit only smmtoI
llMliMI tlMt OOa IM 4f«MI i« tlMt ftt MMt fOOtf fPMMtTOtiOtt
OlHbOliMMI*
lAfiit^fMir^MMi MMoito ««>-4il. of tlM dyMi fevolM oitbio oisty
Immni* V^ mmnIi i^ts'^t ttrii IdUil^ toiyMraturo MMl MKnMl ton«»
MiqiiirMI to iwroMMO fmdixm i« mmIi dyo mm ao folloMii
C»f%oo MSP OmlMi 60 liooro
IM^ry Bloo 4sa Sttpxm M> Immto
• ^O^p 4^NMMMo •l^^r Mi^^MPtM^M




ftMOts.-^All of tfm 4f^m Wmd i»to tiMi liKa<l»d
•ottott li^otlf <tauriaf tlM Mmimr tkxw WMk tmtt* Miittmr thm
MHMNMlJIblV S0V# tiAa thO OtdMl** MMMVPtV. I9MI hJ^dl tMBMNMItllTCI
yriiiwt 414 ftMNHir to yvtftitt mmtm of its ortgimi 4»9th of
mailB tiMMi 4i4 tiMi aofwl t«m^vftt«« pvMtawt. Thim wmtM Ini
Ami to tism \mm9%mr tslMh^oa of 4yo ttmt im wnm «M« to mt^imm
•t thft kiillMP iWBMMi^iur^*
X» wittlliiitiac tiMi «lNiiel«t# ziMmlts of tlMi liglit and
«Mi «ftor^troftto4* It is Irawm tlriit solfiir tfy«« 4orlvo
MttUitiiaoo to ligtit imi VMftJat frow tjr—tai—t vitli
•iiii»t» or aootto sold* Aft<w^*tap#«%amm% wtm not fo»orts4 to
wm taut asr tflffsroaeoo la x«Ottlts eooXd Im ••eribo4 cllx<«et3if
wmA Mtroly to tiMi 41ffoyoo la tMMMitwNMi*
MidHot aov *^»i> aMnal taaannitaBNi agodtoat aaaaaMMl to loaa
aar algalfloaat aaaaaya of attaaftli aftor balag 49md* Bm
IMftAa SI twt datall#d foaaXta* iMi MnI iMwa polatad lautt
4Mirll#v» tba yara «aa vsry liiipOmr la atvaaytli* Vkaagli
Miila 31 atMvaa aoaa laavaaaa la atvaagtli* It la aot aafa to







Ail «f ttMi tmmvim ttAt foiXon* imtil otiimrmtm f«ftli<»
fiM« »Mit te sin»li«^ strietly to tb« fiv« 43NMi •aploy*^ im
this invMitlgfttioa*
Bigb tiiwptiitituKB efts b» «a«4 mee—fully aad profittlilf
t« *|^I7 til* •ttlfw 4f« Ott «Gttos yftvft* A mi»«-tiac4 MviaK
i« tiMm «»d sa ianPMiM ia mam<imt%&a of froM 9*0 to 34 .S por
Mttt ai» IM lyi4 ^mmnentmrntlf ^ iMiiaf this »»tlMd« Tlil*
amrii^ ia tiao rofata aoiaiy to tiM aetaai 4yaia(f cyala oaly*
Tina MMMiXtlag 4y94 pretarla ara« ia ovoipjr aajp^ aa food aa
tliaaa of t^ aaf«ii taa^tMitava jiwrxtw * Utithar tlia <tya aor
tlia yam aaffinra aicaifiaaatiy froa aaaaaara to ttaa biffiMr
Siaaa a aaa»tldLr4 aiviair ia tiat aa4 aa iaeraaaa ia
aidiaaatiOA mra aaaariaaaad aoaaiii i anii 1 v it aaat h& aaaaaaii
tftat aa aaiiaatiaa a^itaii to ^mt of tlai aonail toaporatasa
paaataa aaa Imi aelOavad vitH aa ovaa gyaatar aairiat ia tiat.
«0tti4 MMNI ta it 4ataraiaa4 aapiriaaily itm^ aaob 4ya*
tfcaigi 4)Mi oailitatiya vaaaita of tliia aorH aay« ia
aoaa aaaaafa, b» aa iadiaatioa of tm MMivio^r to iia aa»aata4
at tlia iraaaiadar of tlia 4iyaa in thia eiaaa, tlai ifMmtitativa

49
fMM3lt« rtwrt4 ttot b» takM «• •Itliftr erl^riA or XUiits of
yiiPi^EHnMMMMI £Mf til* cVUKB 9M S VlMl]0* TiMMNi tB ttO MMUWMI tO
•MMMi ttmt ftltlitr tiMi lM«t or thi$ wormt pmefmmUm wm0mr of
fli9 •l»«i UMi ««•< i« this «3E|iorlaiiit« fl» iMmr* of i»or-
fWfiMWMI of ttMl ^TNI «NMl is SO «id» M «Ot tO 9««el«d» tll»
9O0»iMlit7 tlNit oQO or im»p« airturw of tlio el««i nill not
porfoMi mmmmmiiiilr tt tint lugbor toniiorftt^ro* i^ tho
tolBMi, it im sot IsiKMsilils tMit tbtvs io oat or soro




tummtl^tlJm into tte im^immtme «t m mm%% fvcwqi of
^llNMi wa4mv mgmmiMl emtAtttmm i» wluftl^l* onlr ia ^mtmmUdim
tim ptmmiMm vodMi c»f lM^Mivi«r tlstt aiy te ijm<w»f<l of tl»
UMili* e3jt«i to iHtoh tli* <ly«» belong*
It iMMi tMM aiiwm ottliy tMit mmm matltrnt 4s^fmm «ui iw
WSC MMtNNMdhBllljr tit a ilMll!^ tMmiMil'A tlll'# « ViMltllMf ftXl 9^%twt
49«i wiU to»liftwi slaiiUrlsr r—ini to Imi <tetsi9is»d.
•tforo tbo 43fOia8 iadastsy «is proeood to «•» •e3Lf«v
4|ywi itt ft feilNi»li toM|Mifii tm'<9 f It sImmmI ttai #^pil^pp#d vith
««[^irl«ai ittfonMitlott on vlitoli of tli» 4jfmt emn bo oo tMMNI a»il
on tbo IMHHI piPooiNtavoo f^if si^lylmr tlMNi« YInu cmly oiilftioarltft«>
ttvo oownMMi fo9P tliis 4mtn oxo tlMi ^^postuff MUmtfOotoiNHm*
mmmimm ^ it is roao—iadod thmt thm ^smmtutt mmi^
fftetorom oolioot mm% isforMitioa fta4 «iko it ovoitAblo to
tbo dsroiac io^btotry mo tkftt it oon ^Ido »4«Oft^«o of tlio













































f |,08 ST &«M
§ t«0i 98 O«80
t 1,90 m o.8i
10 1.94 Id 0,89U 1«14 91 l.U
If 1*19 99 1*10
19 a.98 ^ t*14M i.OO 34 1,90
18 0.88 98 1.18
Ij8 1*90 98 S«98U 1,88 8f 1,14
18 0,88 98 laO


























8 fMM of orytf^llino oodimi gulfIdo
8 mmtm of oodlns oliXorl4o
WmtiUuMmit imp vttor to aMo tmm Ittmr
of SOlGtiOft
TM ftlMMW •elutimi
of onOwtontli of o
S tlMi 4il«t04 to ylOl4 « •OMMKtmtiOtt
of ^yo iior litor 9i oolirtiOQ*

ttkhlm IS. Light Hhmwpptlom I%re«atafMi for









890 Tiolot 88.8 % 44.8 %
440 Sluo S9«4 40.0
400 mm 84,0 48.4
4m 0l*08ft 80.f M.8
818 Ol'OOll 81.4 00.0
880 GrBoa ii«8 to.o
878 Mll8i^ 88.0 78.0
808 OfOafO 8t.O 0T.4
080 MNI 80.4 ^•0
040 loi 44.1 88.0
MO IM 40.f 80.3
CttOjpoiition of Solotion:
1 (PMHl of dyO
1 fgrmm of ffodiiai eorlKiaOto
4 gvwM of orystollliio oodiioi oolfiOo
8 iMMM of oodiwi olilof'ido
Oiifflolost t«i» votov to itfiko oat litor
of ooliitioo
nm oboio oolutioB «oo tlioo Oilotod to fimld m oooeootrotlott
of fiTO taoarodtlio of gfOM of 4yo por litor of oolittioo.

it
















TloI«t 99.9 % 93.1 %
BI«9 M«9 99*9










1 gvMi of djro
1 gvos of •9(tii» eovlioattto
4 grOflO of eryotaXlliio moAivm siilfia*
3 fframs vt •octifM oblorido
9iiffleiost tftp iNit*r to wmlm mm litor
•f aoliitioa
7I» oiiovo ttoltttiott «•• thmu dilvtod to yimlA • eone#«tr9tloa










390 Yiotot 48.8 % 81.1 %
440 Bins »4.f 48.3
4Mlt BlV9 88.4 48.8
4t» mmm 48.1 84.8
BIS GfiNm 38.7 88*8
••• 6«««i ».t 88.8
878 JMm 88*8 83.1
888 0r««t9 40.0 80.0
mm IMNI 48.7 87.8
§40 «8li 47.4 88.8
•80 9md 81.3 48.7
Ol1>ii«ltioo of Soltttioas
1 fr«» of €tym
1 wn^m of »o4iini ^rboasto
8 CV8WI of cnrstftlllfio aodliiai
8 gwmm of sodlm olileri4*




TIM ftliovo soltttiott «•• tbon diltstod to iri4l4 a eoa««»triitloa
of fiTO lMHi4y«4tltfi of a irx^a of 4ty« p«r lit4r of solutioa.











990 iol«t 91*9 % 39.4 %
44» nim 73.9 Ma
496 91i^ T9.T 20.3
499 9rooa 91.4 19.9
919 9rooa 99*0 90.0
fim Oroo» 97.7 39.9
979 Mb9r 99.4 44.9
999 ommm 59 ^.9 49.0
999 894 mi«4 47.9
949 194 99.9 44.9
•99 194 99.9 41.9
flUmmiiiitiott of 9oliitiottt
1 t*i* of <tyo
1 fros of oodiiai oftrlboaito
1 3^9^ of orfoulllso fto41ini
9 cmHi of lodtMi «taori4o




Hhm uhanf oolatioo iMo thoa dilvitod to yiold m oooeoAtrotioo
of fivo iNoulrodtlio of 1 gfitt of dyo por litor of oolatloa.

•4





I c«*» <^ 4yo
t fMUi of oottimi osrINnMito
S svMMi of <rrf«tftlXia» ooiiiiMi wmHiM
S fMUM of oe4ita» olitoriao
•itffioiont top votor to oftlDo ooo lltor
«P sototioii
Tbm soivtiott «0« tfaMi dilutod to fimld tim fmrkias oomo»>
tltttiOMI iiSt04 *l»Of0»
MMiocferoHttio Filtor Hoods Yiolot ^ 3d0 BillUdLoroMi
oAlo Mt&o Uoodi 1ft OolvOBoaotor Gm^ifttlooo to





























30 40 50 60
Percentage Transmission of Light
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'Tmbl» 17* ISgkt Trtiwmiamivu INiitiittg— for






1 gvfta of <S^
4 SHUM of CTfMtA!tXlfl§ MMtftW WBXfi.49
8 fVOMi of awdiim «liloyi4»
^nftieimnt tmp wntmr to imiImi om titov
of OOlAtiOS
TIMI aolKtion «0« tlMMi <tiltitod to fimtd thm oc»%l«8 e^ieoo«
tiOitlOMi Ust«4 abow.
MMMlnpiiifttie riStor II!m4s 0nNni - ftOO iaili»lcroMi
aaoXo Satlo HMds 15 Oolvoiia»otor CMrtMlttOticHis to
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Percentage Transmission of Light




tmhlm 18, Lifht TrttaawUwloa P§v9&mtmis9m for
0«lfograt tmm 9aB9






1 gf«» of sodliai oftrbofliitt
4 fvtMHi of crystalXiJio so4iiM aulfi4»
9 fxittMi of soAiwi «liIori4»
3«ffl«i««t t«i^ ««t«7 to MUsi O0» litor
of solvitio«
tiMi soltttloii wm timm 4iliitt4 to fimtd tl* voi^ltlaK «cnie«»»
ttmtXmm llJit«4 aliovo.
WBrnomhaemmtim ttXtmt Vm4t Violot « 300 niniaicrress
•oftl* mtio Umi4« X$ OftXirftiKMMtor Cxmdiittlowi to


















0.010 0.015 0.020 0.025 0.030
Concentration in Grams per Liter




tBbl» 19 « ligbt TrftncnlMiloii VvtmntBfgm for
WfAi^gmm Dir«ot BIu« BMgr com* 200i






1 grmm of dy^
1 gwm of aodlim eftrlKHiit*
9 gnus of e«7St«lli]io •o4tMi Milfi^
9 91NHMI of 904lbVli OtslOQTlF^Ml
flHi •olvtioa «Mi tiiMi dilutod to fimlA tbm wmvkimg
titltic»w llatod »bo?o.
iMMMrbroMitie filter Vtrndi evmm « S80 willtBiermHi
80«l0 BAtlO ^MKts IS OllNmo—f» OrttdOfttiOWi to
10 tTmwmajmtmi mmt OsAtuRtiowi

61
onrro 0.015 0.0^0 0.025 0.030
Concentration in Grams per Liter




'imhlm 30. Xiiilit tmmmimmUm iNire«»tfta;«s for SuXfofn*






1 fpmm of dlyo
I fptmm of sodi«w MivliottBto
I f]r»» of eryotftlliao •odiuM •ulfl40
t min» of sodlaa elilori<lo
OdrfioSoat tap vttor to HidBO o«t titor
of oolntioA
7hm (M»l«tiott aft* tlMm 4iXiito4 to fiml4 tbo voriUag eoaeoa*-
t««ti<»i llatod abofo.
MMCltroaatie Jtiltme Vm4t Ovftai* «• 99% »ilti»ieroati
Sealo natio OwNlt IS Oaivttaea^tar ^railnatloaa to

























6 5 7(i 7 L bJ5 y.3
Percentage Transmission of Light
Fig. 8 Sulfogene Brilliant Green GCF Extra
Cone. 150% Concentration vs. Per-
centage Transmission of Light
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T»l^l« n* Dy^teth Sxliftttitlos for SiiUof*M Carboa aCT
0r«i»i at X90 mgrnmrn^ fiilur«aM»it» for Sixty
Slautaa
V«lcht of Tara (paddig* itaabar 1> 4M,00 gMWi
Vail^t of J^ 48»M gff«Mi
tMiglit of SodiiMi Ciar1N>aftt« 43•O grmmm
l^ifflit of CiT»talliaa SodliMi tttXfldia 8f.20 isx«Hi
Vaiglit of SodiiHi Chloridt SS«ao frtkaa
ToliHMi of Dy«Mitli 14«O0 liters
laitiai C«M«iitrati<Hi of Dyaliatb S*M cmiA
TraaMilasioa of tlglit of Xxliaii«t«4 DjNiMitli
C0ii«to4 to oaa o»a«lni»lr«4tli oooooatratioa) tO.t f
Corrvapoadiaf Concoatratlos !••• wamA*
Mn««»tai» SaMMMtioa of Dy^lMltb 36*8 %
voifht of tiara <!>a«l0iia 9m0mw 14) 438*00 frOMi
valfht of npt 48 .OO traMP
Vaifbt of Sodiim Carboaato 43.80 gMMii
naiffht of Cryatalllaa Sodivm Salf&ila 87«00 ftSMi
Daigbt of Sodiwi Clilorido 8T.00 mfmm
Wotmm of Dyobatli U.OO litora
Isitial CoM»«atc«tioa of Dyolaitb 3 .IS «wiA
TiaaaalasloB of Llglit i^ tsdtfmattMl Oyalaitb
CDiltttod to em oaa»lraa4r««ltlk e<nieaatf«ti<m) 81.0 %
Corroapon4iat ConaMitratioa 1,81 ipm/t
9WR»0«t8«8 lltfMlVHiticm of Dy«b8tli 39,0 %
Airaraca SidMi«ati(m of Oyobaths 37«8 %
'.4dft^
•5
tlM« 29. l>y«tMitli lidMMHitlott for gtelf<n»«t Cftr^Mi OESf
Ti»t of Pf^imt Forty aiimttoo CiaoliiAUc XS •!»«%•• at
S80 dogr—o y f •)
Wigkt of tmra (MsisMlO Wiirtur 3)
V»iglit of Oyo
WOight of Sodimi Carboaito
V^tffht of C«7«taUino Ik^dlm Sulfido
Vititlit of SodioR CHlmrldo
ol«M of Oy^HtttH
XBitiAl Coao«8tr«tioQ of I^lMltll
THiamlMiiott of Idftit of IMiftttStod fiyoliftth
(Dlliitod to oao otMi-buitdrodth eoneontrtttioa)
CmnNtrnptmAlm CoMi^itrstios











Voifht of TRm CM^aiio IhMlMr 13)
l^iiHt of Dyo
VOiylit of Sodi«« CorbOBftto
Wllilit of Crys^lliao Sodiwi iitlfld8
V8igiit of Sodliw Chlorido
VOlmo of Dftfastb
XttitiBl CoBCNiiitrfttioii of Byob8tli
TfttaawUMioa of Licht of ^OMustod DyolMith
(Silvtod to OBO Ott0"hwidrodth ooM8str8tlo«)
Corrom>OBdlBf CoaeOBtrtttloii











Av<M«f« BiliatMitioa of I>yob8tlrii 44.7 f

tmhlm S3* l>y«lHitli l&diftiiatioii for 9mlio§mm mrf Vium 4icr
Supra St 190 INHPr«««, FahrealMiit^ for ^ixty
Kimitos
wmxglkt of Tirs iPtttilm^ Itaiwr 9)
v^iglit of OfO
voiglit of 8o<tii» OurlboMito
voiglit of CrymtmlXim »o4tvm Sitlfi^o
W9i0kt of SodUm Oklt^liim
fotmm of DyolMth
Iftitlal, Coaooatrttiott of Oyo'batli
Traaaiilaotoa of Light of Sxliaiiatod ^jfoliath
(Dilator to oao oao»liimdrodtli oooeoatratioa)
Carroi^oadiag Coaeoatratioa










voigiit of tara (ffMtfkNE^ 9m0mr 18)
loigtit of 'Of
«»i«Ht of Sodiaa carboaato
Valglit of Cnro^Uiao Siidliai 8ulfi4a
V^lfht of So4iaM Ckloricla
Tolaaa of DyoMitli
initial CoaBOatrati<Mi of Dyoliatli
TraaawUMiioa of lAglkt of Sxliaiiato4 Dyobath
CDilatod to ottO oaa«4nui4ro4th eoaeoatratiott)
CarraaffoaAlaif Conoontratioa











AvorOfO laMttStioa of DyoMtltfi 18,0%

67
TiRbX« 24 « Of<«riMltli lidittiistioB for 8ttlfoc»a» Mvy Blot ^CT
•oprs at High T««pttitttiir«
TUi» of liy«loct Forty vimttts (i«8lit4iac 15 »i&Bto« at
280 <»MT*»»f F«)
voight <df Tim (McleMPi mmamv 4>
il«libt of Dyo
laiUielit of 8o4i«M Cftrlioaiito
Voiffl^t of CrystAllla* S^iwi 8«Ifl4o
Voi^lit of Sodiini Clilorldo
olwMi of Dyoteth
tttltial CoMNMitt«ti«Bi of Dyobfttli
TraaMdJNi&on <Kf lilgiit of KadMiwofd S^filHitli
(Bllul^ld to OttO O— .iBMMifdtll O0O6«fttr»tiO«}
Conpoopowiljm CoMOatviitioa











Wmtght of tlra <P2«lHif6 Wlirt>ir 16)
V^lSht of OfO
voiflit of SodiiHi CftrlMiaftto
ViiCiit of Cryo^lliai* Soctiwi telfIdo
Vtiglit of 8o4i«i Cblortte
Tolmo of DyOlMitli
tmitiol ConoOBtrttloo of l)y«1b»tli
fMMUMiaoion of Light of l^lriii»t^ Dyolmtti
COllutoi to ono oao«hiuKtro4t^ omieoatyotioii)
CorrmmpmMmg Coaeoatrotioa















t*1^1« S5. 03r«lMit}i Sithftostlott for Suifofvat rtm IMP
•t 190 tm§ptm%m^ f»1i2«alwit« for Blxtj WUmtmm
W^Uttkt of tsirtt (MeHHIp BWrtiii 5)
l^iftit of Dy«
l»iilit of Sodlm Oirteaito
Vsislit of CrfstftUiao Sodly* Salfid*
V»ight of SodiliMi Cbiorido
olvao of 0y«Mith
laitiftl CoM#atf«tiott of Oy«liitli
irrttttasiMiioii of lJ.glit of &clii«it«4 !l|«Mit1i
(Dilttt«4 to on* eB(i--liimctrodtli eoncHmtrAtiott)
Corj!9i^P8nBUuBii( OoMNMitrflittloti









V^Uetit of Yiara Cl^MlAfPi fltailNir It)
Voigbt of X>yo
VoiClit of 8o4i«i Citrb«alit«
Wight of Cr78t»lli»o Sodim Sulfido
Wliglit of aodtvM Cta<»ri4o
oloao of 8y«^t]i
iKitiol Coa0«8tr«timi of DyolMitb
¥r»AMii0Siim of tli^t of I:idifttt«t«4 Dyr^iMith
CDilttto4 to oa» o«o«1iim4ro4tli coMMiatrotloa)
Corr—p—4*88 C8BB8atr«ti<m


















rmhlm 96. D3r*bfttli XxKftiuitlOB for SvIfofMi* Tsa SaCf
TiMi of I»|«i««s forty alsato* <lMiXii4i»6 16 siatttos
•t tso aagMMw, r,)
«»l|^t of tHro (PseltfiiO INnriMir •) 421 .ft wrtmm
1l*ifht of I^ 4S«16 $pmm
Voigbt of Sodimi CMrhmm^ 48«li gMUw
INil^t ^ Crftmlltm BcdXvm Sulfiito 16a .79 grmwm
loigbt of Sodium Ctk%&r%4m $4mM mvtkwm
oliaw of l>fOlMitli 14.M iitors
lAltial C<NMta8tv«tioii of BfobAth 9«613 $pm/h
tr^mmUmUm of tiglit of Sxhftostoil DyolMitli
0ilutod to nmm o«<"lm«drodt^ eoneotttx«tiott) t4*0 %
Ctaerm^mMam Coammtvatloa I•Ml wm/h
9mmmKtMt» ibamwBtXtm of ojroiMitii ^«8 %
loifiit of ymtm i9t»mw& ifaifcor Id) 433 .0 «mum
V#l|g|it of DjrO 43*9 jpMMMI
laft^t of Sodtmi C^rbonftt* 43.9 wmm
Valglit 9i CfTStsUiao 8o4iiai Solfl^ lt9.6 grmmB
VOight of SodiiHi ClilorJUNi i6«4 grtMi
Viol«M» of I^bftth 14 «0 litmm
laltiiil Cone«Btyfttloa of DyoMtU 9*0i9 iMiA*
Titta0MlMii«i of Llglit of BidtfKMrto4 Dyolmtli




fSMMNitago Sxlttostioa of Byolatii 46«9 %




ttblc 27. l^lMitli tiMotttiea for Sttlfof*a« Dlrtot
&!«• BftCr Coiie* S09%, tt 190 O^frvm,
niiiv«ah«lty for Sixty Staitt«Mi
Wigkt of Turn iPt^imgB Wmribrnt 7>
liilclit of D70
VOli^t of Soditn CftrlNMMito
Voifbt of Cry«tslIi»o Soiliai SiilfIdo
VOigbt 0i Sodiim ChXorldo
ol«MO of l^lMitli
Xaitlal Co«tintr»tii» of dy«toitli
IhsmmmaUmtom «t tiflit of £:idBi«stod Djrotatli
CBiliftod to om mm--iam43mdth oonooiitrtttiott)
Cfiifimiiiilni' ChMHMBtffHtlos











«oiglit Of tHra iWtm^ttm MmOmr 10)
toislit of DfO
Volfht of fUMtitm Cftrliwtfito
VolgHt <^ CnrtttsiXitt* fiodiwi 8itlfi4o
toi^t of SodiiM Ctilorido
Voliam «f OyolAtli
initiAl emmmttmtum of opolMitfe
Troawt—tott of i«ighit of Waam^mtm^ OTOlMitii













A79ff090 SidMittOtioti of DyolMitto 91.7%
'f(
\
nt«ba« 38« ^rtmth lbtmvmti.mk for 8«Xfoir»at INlMwt Bl»t
SSCf Co«i« SQOft at Biffli I^Mq^itttvM
Wtgkt of t)im <Ptt«lttiO Hinrilior 8)
Voi^ht of Drt
Itilgbt of 8o41yii Carlwaiito
HOicht of CryottilXiiio 8o41i» Sulf149
«»iflit of Z94Um Ciao«-i4e
Tolvno of DyoMtli
laitiAl CoiMWiitj?atios of Dyi^ntlx
Ts«M(siMiio« of Liflit of Sj^itwitOd OfOlMltll
C)DiIiito4 to 000 ooo -"l«iadiodtli ooooostMitiott)
CNMTOspoadUJit CoatMitratios








lOigtkt of 1«Mni (PtiOlMfO »MriMir 1^)
Voight of DgfO
Mi^t of 8odi«n CarlMmott
Voiglit of CvystalXioo SotfiiM 8«ifi4o
Voi^t of SoditM Oilorido
TotoHi <«r Df^witii
iMltial e^BttOatrotloa of Dyotoatk
TmasKissioft of tdgkt &f Bxlioiiotod oyoltfith
(Dilotod to oao ooo«tioii4»o4th ooMoatfOtioa)
Corroa»ia4i«g CoMNMtrfttlos
















mUiMialMiitp for Siaetir ili«it4Ui
Util^t ot tiim Cl^MilBi^ iNnlMMr 0> 434*9 tf«Mi
V»iflit of Dr* 43.49 svflMi
li9iclit of SodiiMi C»rlKnatfito 43*49 fpmwm
might ta CrfmtBUlm Sodiiw Sttlfidt 43,^ 9*^mB
Vtlillt of 3o4iiHi €3ilori49 38.M MMM
VolvM of 09<ot«th 14.00 Utom
laitial €^Hieoati«tlon ^ Oyokstli 8«I094 fMlA
lMiaoni9»io» of Ltn^t of mmuBtmd i^mt%
COiliitod to mMi am Iwaii rodtli eoao^itvstiim) 30.0 %
CmnemmpomAimg CoMOtttrotiaoi 3..7US gao/L
M»ro9atit89 ixliiMrt^iott of ByoMtSi 44*9 %
Wight fitf tUmi (mMilMHKO Wmamt 31) 993«3 pr^Mi
fioil^t of Oyo 39.33 «y9«i
voight of Sodiwi C^rlKiitfito 39.33 gmtm
migfBkt of CTfSttlUao Sodim Sttlfldo 39.33 fviMi
lOiglit of Sodi«» Oilorldo fS.tO fittMi
loloao of Dyobotli 14.00 litara
laitiol CoaeotttfiitKm of Of9lMitli 9.8107 gMiA
TfttaMdfloioo 1^ ULgkt of SiAftiMitod Oyobath
CDiltttod to cMM oiMMhnwIrodtb ooaeoiitraticMil 31^O %
wf>93|imdli«g Co9099ti9tto» 1.9133 9im/%,
PoreoBtago BttBMitloa of O^Mtth 43.9 %
Avorago lxli9aatio« of Pylaittrti 43.9 f
isAl
«t
nHyvtMitli SrtUiiiSti<ni for Bultofsmm Srillitat
xWlMnMMMa*
li»iglit of tmm C9««lBiifO INrthir 10>
«»iglit of Dyo
W»i|^t of 8o4ilMI OMHbOttitO
?oliia» of X^tAtli
tsitiiiX CoMOats«t&ofi of Ofoiwtli
tMUHniwiiofi of tii^t of KK!«i««to4 l»|«lNitii
CHiliitod to Otto oa»*t»aidro4tli ooaooatyfttion)









«»il^t of Y»nt <Ptt€left«o SMtor 9S>
Voiglit of Vff
VOiglit of Sodlutt C»rlK)«ftto
Vtiiht of Crys^lliwt 3o4i«i Sislf14»
Vol^t of So^ttii C%lori4lo
TeliiMi of lljNItol^
iKitlAl Coiie«»ti«tloii of Dyoltfith
tMUMMiMiioii of Light of SidMiii»to4 I^Mtli
COiliito4 to oao oiio«»)»ni4yotftli oonoofttvAtloa)
Cory—poaAiag CowMmtrfttiott












Avoi«fO tidtftustloB of ]>|rob»tlui 4i.0%
IfN
74
7»til« 31. OompmviMtm of ttMii^Ml atvMgttui 0f 0y«4 YUrwi
WBMMMMiM*






wms=mi^^Bg^Sfr99i^9m t^tm trrswr iTiiwi>









!• XlMMMMttt, €3i»rlMi t.9 "TIM Ain»Uc»tlcm 0f Dyw to 1^»3ttil#
4s itmpmmr 14. WS3). im/esTsi^r:—*~^ *^^^^^
—
S* niid », p* 374*
4« Driiv«i«, ir» !»•» **!h^iMr ^f Tmtll* WUmtm at iltgli
"-—
—nt«ir«s (Mwr- —^^« *- -i"-^"-^* —- **-
CtewUitfl an^ CoXcmrivts, **S€Mi» pImimmi of ntgh "Smw^pmmtmf
]>l«lac'*t itaw>yio«ii Pyoatuff ll»|WMrtor > 3. CJtausry 10 » 1949)
»
i. A,8«7«V, CoMlit^M ^13 on t^KKtil* ilit«rial«, A.S.T.ii,
Wkil^y f^ir"*Piitini ' »ffep 'iiii, t993» m. 337^343.
'» l$S8» |^« 33.*
•« Tielannitaff . nM«i«. TIMI FIMMtl Chsiilstvy of tMimmm
wm Torks Xatoracl—oi IHitiiliiiri, fac^riggg; f». W^tt.
*• 1»33 t»otiiiliNil IWUWI and y»y»oqit of tteo AamrUmu
iHiociitiott ^ tiiifiU Ch»»laii %U C^UHmm , ToXqwo
Ifirrmy yiott wmm Pi^wiiiiiag e^.> li^., liiat,
pp. 103*^111 •
t&» nil4»t 99» •l«*3i«
BMN»ky VvtiiictlJi. Tli» Oytag of Cottoa falwrl<Mi « TlOitt







tiiMMNi Cottfita ftad Cottoa rmTm'\ Jtmrml of ttam Jotfty
of Pyoro Mmd ^loarff . «t C1951X7^•~W5=«0rr~ *'
BBtt«nmortty X«» ITM Dyoiag of Ti0«o(M MfMl ftt Sigll
Twmp^rmtwmm' , J&weml of tli» Sooloty of Hn/mrm aad
coionrf^i , •! mm,w: wn^n. —-^
eioovOMs tottio, Tho Cb—iool toclmoaogy ot Pyi«K »wi
rimTrmaxmrm.f^i. u 'r#iii»to«i tad
rii^K* fro» m^kA JBiMm Mliloo liy m«l 1i«i«»«f «ii4
Bonm F. Bi^Miwi* Hon Tcnrk: BOi«liol4 :Pii^ti«ia«ff Covp*.
lito»» J« C.t 0. H« Qlloo. mmA mmiwmA QoMoa,
*'i}viBti^ti^ ^lAtiofi BotiOM Hm^tk of 1&r»i»« •»l U0kt
fftotaooo'*, jBdaPttil <Hg tlio Sotioty of l^roro and
Coloitrif . fg CXfSg) ^ 8P> »»*gii. *
mvtmm* X«* **I^iaf at Sigli t»wp»ftww— COfOr XOO^**.
rmKni^mmMim , 6 cmi)* i^* 204-41.
SomfiU. %, S«. ft«4 L. 0. tovrlo. 11M>
fi»oy»> nmmtM tAitiom mp/tintrndm
Jlielcooii« J. H« S,» Oflii B* A. T«r»or. iRMl Oooonitioo ^ ft
Mroct Cottott SfO froM OoIliaoM yi6ox«^« Jony1 of nm
Sooloty of pywi o«cl Coloorm^ , t8 ClMa)Tli»T'^SRR^annrr
mUXmni, H* I«y ftii4 t* ff. fieri, **«IOfHi«<o|ilc l^yoiit
V^mmBUBim i 8t«4ios vitlt thm Miero-^fOCMW^P**"* 'gftxtiliO
Ut/hUmom^ B» !!•» mmA C* I«* fl—wriiia, ''Sohi Froottooi
AiQMMt« of Rigli tuiiojrtitaro Dyoias^. iUioyiooo Oyootoff
»»»or^r > SlMSiini It, V»90\ pp. W^Wk, ^^—
Xoyor, C. L*, oad othoiv. '^^yoliig Stwiioo at XtovttMl
frnptrntwemt aotvooa 20^ r. and msr y^". t^tyti^
SOMNix«ili ^wmUL, X8 Coet^bor, ld48>« up* SHPlllT
vaiil, Asdvo, Tltfi Miaofactmo of OygiaAo Pyootirffa,
A«tboriM4 Triragllition #il!i AJSif
i
Sii, fifa firiNtwwm
toy r* V. Atidl£« Lottdoa: 0. WmXX mmk mmmi, IM<» I9t0»
9. 3CMI.
J
lMtt«lwr» e* S«» gybing witii cmltmv Oy<wtttff « BmvmA
gfwiiitt, C« X«, **A|9li«»itlcm of nfmm to l^ixtlJy* nii»r«
•t Sii^ tmmp9v9iturmm'* . Aanrlofta oy—tuff Ri^orfr, 42,
Ito Ikiovo 9mm mt kOaAmm' otaff artiolo* Toxtilo









P^96 Application of sulfu







7T96 ^ppl5 c ?."*' on cf siilfur d''?"- rr>
cotton at high temperature.

